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(54) OPTICAL VARIABLE ATTENUATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce temp, dependency and wavelength 
dependency of an attenuation amount and a drive current and to enable 
easily applying it to an optical transmitter by setting a polarization 
direction of an analyzer in the state substantially orthogonally intersecting 
with the polarization direction of a light beam in the case that the rotation 
of the polarization direction in a magneto-optical crystal doesn't exist. 
SOLUTION: When the light beam 5 is supplied to a polarizer 10, the light 
of liner polarization having the same polarization direction as the 
polarization direction of the polarizer 1 0 is outputted. The light of the 
linear polarization passes through a Faraday element 20, and then, the 
polarization direction of the passing light is rotated by a Faraday effect 
according to a size of a magnetization vector occurring in the direction of 
the light beam 5. Then, in such a case, the polarizer 10 and the analyzer 
30 are constituted so that the polarization direction of the light beam 5 in 
the state (magnetic field in the optical axial direction is zero) that Faraday 
rotation in the Faraday element 20 doesn't exist becomes the state nearly 
orthogonally intersecting with the polarization direction of the analyzer 30. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] It is the optical variable attenuator which is equipped with the following and characterized by setting the 
polarization direction of the aforementioned analyzer as a rectangular state substantially with the polarization direction 
of the aforementioned light beam in case there is no rotation of the polarization direction in the aforementioned 
magneto optics crystal. The magneto optics crystal which it is [ magneto optics crystal ] the optical variable attenuator 
which decreases the power of a light beam, and makes adjustable rotate the polarization direction of the 
aforementioned light beam. The analyzer which passes the light beam which passed the aforementioned magneto 
optics crystal according to the polarization direction. 

[Claim 2] It is the optical variable attenuator according to claim 1 which has further the polarizer which generates the 
aforementioned light beam, and is characterized by setting the polarization direction of the aforementioned analyzer as 
a rectangular state as substantially as the polarization direction of the aforementioned polarizer. 
[Claim 3] The polarization direction of the aforementioned analyzer and the polarization direction of the 
aforementioned light beam in case there is no rotation of the polarization direction in the aforementioned magneto 
optics crystal are an optical variable attenuator according to claim 1 or 2 characterized by being set up at the angle of 
**30 degrees 80 degrees. 

[Claim 4] It is the optical variable attenuator which is equipped with the following, and a magnetic field is impressed to 
the aforementioned magneto optics crystal, and is characterized by penetrating a part of aforementioned light beam [ at 
least ] even when the magnetic field electrically generated in the aforementioned magnetic circuit is lost. The magneto 
optics crystal which it is [ magneto optics crystal ] the optical variable attenuator which decreases the power of a light 
beam, and makes adjustable rotate the polarization direction of the aforementioned light beam. The magnetic circuit 
which generates electrically the magnetic field for being impressed by the aforementioned magneto optics crystal. The 
permanent magnet which generates the magnetic field which it is prepared in either the interior of the aforementioned 
magnetic circuit, or near, and is electrically generated in the aforementioned magnetic circuit, and the bias magnetic 
field substantially impressed to the aforementioned magneto optics crystal in parallel. 

[Claim 5] It is the optical variable attenuator which is equipped with the following, and a magnetic field is impressed to 
the aforementioned magneto optics crystal, and is characterized by penetrating a part of aforementioned light beam [ at 
least ] even when the magnetic field electrically generated in the aforementioned magnetic circuit is lost. The magneto 
optics crystal which it is [ magneto optics crystal ] the optical variable attenuator which decreases the power of a light 
beam, and makes adjustable rotate the polarization direction of the aforementioned light beam. The magnetic circuit 
which generates electrically the magnetic field for being impressed by the aforementioned magneto optics crystal. The 
permanent magnet which generates the magnetic field electrically generated in the aforementioned magnetic circuit, 
and the bias magnetic field substantially impressed to the aforementioned magneto optics crystal at an angle smaller 
than 90 degrees. 

[Claim 6] It is the optical variable attenuator according to claim 4 or 5 which has further the analyzer which passes the 
light beam which passed the aforementioned magneto optics crystal according to the polarization direction, and is 
characterized by setting the polarization direction of the aforementioned analyzer as a rectangular state substantially 
with the polarization direction of the aforementioned light beam in case there is no rotation of the polarization direction 
in the aforementioned magneto optics crystal. 

[Claim 7] The optical variable attenuator which is characterized by providing the following and which decreases the 
power of a light beam. The magneto optics crystal which makes adjustable rotate the polarization direction of the 
aforementioned light beam. The yoke with which the magnetic field for being impressed by the aforementioned 
magneto optics crystal was generated, and the aforementioned magneto optics crystal was inserted in the internal gap. 
[Claim 8] The aforementioned magnetic circuit is an optical variable attenuator according to claim 7 characterized by 
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having further at least one coil for being prepared near the gap of the aforementioned yoke and making the 
aforementioned gap generate a magnetic field electrically. 

[Claim 9] The optical variable attenuator according to claim 7 which it has further the 1 st lens for converging the 
aforementioned light beam and carrying out incidence to the aforementioned magneto optics crystal, and the interval of 
the gap of the aforementioned yoke is narrowed according to the size of the light beam which it converged with the 1 st 
lens of the above, and is characterized by impressing efficiently the magnetic field generated about this gap to the 
aforementioned magneto optics crystal. 

[Claim 1 0] The optical variable attenuator according to claim 9 characterized by including the 2nd lens for setting the 
light beam by which convergence was carried out [ aforementioned ] as a predetermined size after the light beam by 
which convergence was carried out [ aforementioned ] passes the aforementioned magneto optics crystal. 
[Claim 1 1 ] The light amplifier which has the gain property which is the light amplifier which amplifies the lightwave 
signal which has a predetermined wavelength-range region, and has a wavelength dependency. It is [ the 
aforementioned wavelength dependency of gain / in / the aforementioned light amplifier / this lightwave signal is 
decreased in adjustable using rotation of the polarization direction of the lightwave signal in a magneto optics crystal 
and / in a damping property ], and / a reverse wavelength dependency substantially. It is the light amplifier equipped 
with the above, and while the aforementioned lightwave signal declines, it is characterized by reducing the 
aforementioned wavelength dependency of the gain in the aforementioned light amplifier. 

[Claim 12] It is the light amplifier according to claim 1 1 which is equipped with the following and characterized by 
setting up the polarization direction of the aforementioned analyzer, the polarization direction of the aforementioned 
lightwave signal, and the aforementioned magneto optics crystal in the predetermined magnitude of attenuation so that 
the wavelength dependency of the aforementioned reverse may be acquired substantially. The aforementioned optical 
variable attenuator is a magneto optics crystal which makes adjustable rotate the polarization direction of the 
aforementioned lightwave signal. The analyzer which passes the lightwave signal which passed the aforementioned 
magneto optics crystal according to the polarization direction. 

[Claim 13] It is the optical variable attenuator which is equipped with the following and characterized by setting up the 
polarization direction of the aforementioned analyzer, the polarization direction of the aforementioned lightwave 
signal, and the aforementioned magneto optics crystal in the predetermined magnitude of attenuation so that a reverse 
wavelength dependency may be substantially acquired with the wavelength dependency of the gain of the 
aforementioned light amplifier. The magneto optics crystal which it is [ magneto optics crystal ] an optical variable 
attenuator for connecting with a light amplifier, and reducing the wavelength dependency of the gain in the 
aforementioned light amplifier, and decreasing a lightwave signal, and makes adjustable rotate the polarization 
direction of the aforementioned lightwave signal. The analyzer which passes the lightwave signal which passed the 
aforementioned magneto optics crystal according to the polarization direction. 

[Claim 14] The optical variable attenuator characterized by controlling the polarization direction of the aforementioned 
light beam in the aforementioned magneto optics crystal so that it may have the following and the output power of the 
aforementioned optical variable attenuator which carried out the monitor by the aforementioned output side electric eye 
may become a predetermined value. The magneto optics crystal which it is [ magneto optics crystal ] the optical 
variable attenuator which decreases the power of a light beam, and makes adjustable rotate the polarization direction of 
the aforementioned light beam. The analyzer which leads a part of light beam [ at least ] which passed the 
aforementioned magneto optics crystal to the output of the aforementioned optical variable attenuator. The output side 
electric eye which branches a part of output light of the aforementioned optical variable attenuator, and carries out the 
monitor of the output power. 

[Claim 1 5] The optical variable attenuator characterized by controlling the polarization direction of the aforementioned 
light beam in the aforementioned magneto optics crystal so that it may have the following and a ratio with the output 
power of the aforementioned optical variable attenuator which carried out the monitor by the input control power and 
the aforementioned output side electric eye of the aforementioned light beam which carried out the monitor by the 
aforementioned input-side electric eye may become a predetermined value. The magneto optics crystal which it is 
[ magneto optics crystal ] the optical variable attenuator which decreases the power of a light beam, and makes 
adjustable rotate the polarization direction of the aforementioned light beam. The analyzer which leads a part of light 
beam [ at least ] which passed the aforementioned magneto optics crystal to the output of the aforementioned optical 
variable attenuator. The input-side electric eye which carries out the monitor of the input control power of the light 
beam inputted into the aforementioned magneto optics crystal. The output side electric eye which carries out the 
monitor of the output power of the aforementioned optical variable attenuator. 

[Claim 16] the aforementioned analyzer ~ a birefringence crystal ~ containing ~ the aforementioned analyzer ****-- 
the optical variable attenuator according to claim 14 or 15 characterized by having further the aperture which leads a 
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part of light beam by which the separation chip box was carried out in polarization to the aforementioned output side 
electric eye 

[Claim 1 7] It is the optical variable attenuator which is equipped with the following and characterized by mounting the 
aforementioned magnetic circuit in a case so that the direction of the aforementioned gap may be the height direction 
of the aforementioned case substantially. The magneto optics crystal which it is [ magneto optics crystal ] the optical 
variable attenuator which decreases the power of a light beam, and makes adjustable rotate the polarization direction of 
the aforementioned light beam. The magnetic circuit which generates the magnetic field for being impressed by the 
aforementioned magneto optics crystal about an internal gap. The case for holding the aforementioned magneto optics 
crystal and the aforementioned magnetic circuit, and mounting in a substrate. 

[Claim 1 8] The optical variable attenuator which is characterized by providing the following and which decreases the 
power of a light beam. The magneto optics crystal which makes adjustable rotate the polarization direction of the 
aforementioned light beam. The aforementioned magnetic circuit which is close so that the aforementioned point may 
sandwich the aforementioned magneto optics crystal including the yoke of a horseshoe shape configuration with which 
it is the magnetic circuit which generates the magnetic field for being approached and put on the aforementioned 
magneto optics crystal, and being impressed by the aforementioned magneto optics crystal, and the front point is 
thinner than other portions. 

[Claim 1 9] It is the optical variable attenuator according to claim 1 8 which the aforementioned magnetic circuit 
consists of permanent magnets, and has further the electromagnet which generates electrically the magnetic field for 
being approached and put on the aforementioned magneto optics crystal, and being impressed by the aforementioned 
magneto optics crystal, and is characterized by the point of the yoke of the aforementioned permanent magnet being 
close from the aforementioned electromagnet with the aforementioned magneto optics crystal. 
[Claim 20] It is the optical variable attenuator characterized by maintaining the aforementioned magnetic field even if 
it is the optical variable attenuator which decreases the power of a light beam, it has the magneto optics crystal which 
makes adjustable rotate the polarization direction of the aforementioned light beam, and the magnetic circuit which 
generates electrically the magnetic field for having the yoke which contains the half-hard magnetic substance in part at 
least, and being impressed by the aforementioned magneto optics crystal by drive current and supply of the 
aforementioned drive current stops. 

[Claim 21] The aforementioned yoke is an optical variable attenuator according to claim 20 characterized by the ability 
to change gradually the size of the magnetic field generated in the aforementioned magnetic circuit by having partially 
two or more half-hard magnetic substance with which the magnetization in a saturation state differs, and controlling 
magnetization for every aforementioned half hard magnetic substance. 

[Claim 22] The optical variable attenuator which is equipped with the following and characterized by impressing the 
magnetic field of the aforementioned magnetic circuit to the flat surface which consists of aforementioned light beams 
from which polarization was separated as the wedge-like birefringence crystal of the above 1st perpendicularly 
substantially at the aforementioned magneto optics crystal. The 1st wedge-like birefringence crystal which is the 
optical variable attenuator which decreases the power of a light beam, and performs polarization separation of the 
aforementioned light beam. The magneto optics crystal which makes adjustable rotate the polarization direction of the 
aforementioned light beam where polarization was separated as the wedge-like birefringence crystal of the above 1st. 
The magnetic circuit which generates the magnetic field for being substantially impressed by the aforementioned 
magneto optics crystal perpendicularly with the aforementioned light beam. The 2nd wedge-like birefringence crystal 
to which the birefringence of the light beam outputted from the aforementioned magneto optics crystal is carried out. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About an optical variable attenuator, a magneto optics crystal is used 
especially for this invention, and it relates to a small optical variable attenuator without a mechanical movable portion. 
[0002] 

[Description of the Prior Art] It is necessary to adjust optical intensity (power) if needed, therefore the optical variable 
attenuator is used in the optical transmission system. In the conventional variable attenuator, it adheres so that 
transmitted light intensity may change the matter continuously on a glass substrate, and the transparency position on a 
glass substrate is moved mechanically, and the magnitude of attenuation changes, since the conventional variable 
attenuator has mechanical structure, the configuration where a low and a speed of response are slow has large-sized 
reliability etc. - it had the problem For this reason, it is difficult to include such an optical variable attenuator in 
transmission equipment, and has mainly been used as a measuring instrument. 

[0003] In recent years, the technology of optical fiber amplifier progresses and it is becoming possible to amplify 
optical intensity comparatively simply. For this reason, examination of a wavelength multiplex communication system 
which makes the light of a large number from which wavelength differs transmit into one optical fiber is performed. 
The system configuration view of a typical wavelength multiplex communication system is shown in drawing 28 . If 
optical fiber amplifier is used, it will be possible to amplify collectively two or more lightwave signals by which 
wavelength multiplex was carried out, and construction of an economical optical transmission system will be attained. 
[0004] The quality of a transmission signal is determined by the ratio (light SNR) of lightwave signal intensity and 
noise field intensity by the wavelength multiplex communication system which used optical fiber amplifier. In order to 
maintain the light SNR of each lightwave signal beyond a predetermined value, it is necessary to arrange the optical 
intensity of each lightwave signal. The level of each lightwave signal varies by dispersion in the output power of the 
light source (generally a laser diode (LD) is used), dispersion of the insertion loss of the various optical parts which it 
has for every light source, etc. Furthermore, if optical fiber amplifier also has the wavelength dependency of gain and 
passes optical fiber amplifier, the power of a lightwave signal will change for every wavelength. For this reason, it is 
necessary to incorporate the optical variable attenuator for adjusting and oppressing dispersion in the power of a 
lightwave signal in an optical transmission device. 

[0005] JP,6-51255,A "an optical attenuator" is proposed as an optical variable attenuator for the above-mentioned 
purpose. The 1 st example of composition of the conventional optical variable attenuator is shown in drawing 29 . This 
optical variable attenuator consists of a magneto optics crystal (magnetooptical cyristal) 1, a polarizer (polarizer) 2, the 
1 st magnetic field impression means 3 (the permanent magnet is used in this case) that impresses a magnetic field to a 
magneto optics crystal 1 at an optical axis and parallel, and the 2nd magnetic field impression means 4 which 
impresses a magnetic field to a magneto optics crystal 1 at an optical axis and a perpendicular. The Faraday-rotation 
child 9 consists of a magneto optics crystal 1, the 1st magnetic field impression means 3, and the 2nd magnetic field 
impression means 4. Here, a permanent magnet is used for the 1st magnetic field impression means 3, and the 
electromagnet which can adjust generating magnetic field strength by force current is used for the 2nd magnetic field 
impression means 4. Moreover, the light beam 5 of the linearly polarized light which passed other polarizers which are 
not illustrated passes a magneto optics crystal 1 and a polarizer 2 in the order. 

[0006] In this optical variable attenuator, the synthetic vector (synthetic magnetic field) of the magnetic field vector 
generated with the 1 st magnetic field impression means 3 and the magnetic field vector generated with the 2nd 
magnetic field impression means 4 is added to a magneto optics crystal 1 . When the magnetic field vector generated 
with the 1st magnetic field impression means 3 is larger than a saturation magnetic field at this time, a synthetic vector 
also becomes larger than a saturation magnetic field. In this case, in a magneto optics crystal 1, an internal magnetic 
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domain will be substantially unified by one, and loss of the light beam 5 generated when a magneto optics crystal 1 has 
many magnetic domains will be reduced. 

[0007] Force current's adjustment of the magnetic field strength of the 2nd magnetic field impression means 4 also 
changes the direction of a synthetic magnetic field according to force current. The polarization direction of a light 
beam 5 is rotated by the Faraday effect according to the strength of the component (magnetization vector) of the same 
direction as the light beam 5 of a synthetic magnetic field. Generally this Faraday-rotation angle theta is expressed with 
the following formula. 
[0008] 

Theta=V-L-H (1) 

V is the number of Velde and is determined by the quality of the material of a magneto optics crystal 1 . In L, the 
optical path length in a magneto optics crystal 1 and H show magnetic field strength. The light beam 5 which the 
polarization direction rotated by the magneto optics crystal 1 progresses to a polarizer 2. When the polarization 
direction in a polarizer 2 and the polarization direction of a light beam 5 are in agreement at this time, all the light 
beams 5 pass a polarizer 2. When both polarization direction is not in agreement, only the component of the 
polarization direction of the polarizer 2 of a light beam 5 passes. When it has the angle difference whose polarization 
direction of both is 90 degrees, a light beam 5 does not pass a polarizer 2, but the magnitude of attenuation serves as 
the maximum. 

[0009] Moreover, other optical variable attenuators are shown in JP,6-51255,A "an optical attenuator." The 2nd 
example of composition of the conventional optical variable attenuator is shown in drawing 30 . The **** variable 
attenuator consists of optical fiber 6a, lens 7a, wedge-like birefringence crystal 8a, the Faraday-rotation child 9 that 
showed drawing 29 , wedge-like birefringence crystal 8b, lens 7b, and optical fiber 6b. In a **** variable attenuator, a 
part of light beam is led to optical fiber 6b using the birefringence by the birefringence crystals 8a and 8b of the light 
beam supplied from optical fiber 6a. Since the amount led to optical fiber 6b can be adjusted by the angle of rotation of 
the polarization direction of the light beam in the Faraday-rotation child 9, it can decrease the power of a light beam to 
adjustable. 

[0010] Unlike the optical variable attenuator shown in drawing 29 , a **** variable attenuator can operate irrespective 
of the polarization direction of the light beam supplied from optical fiber 6a. The optical variable attenuator shown 
above does not have a mechanical movable portion, but can miniaturize it. 
[0011] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in the conventional optical 
variable attenuator using the magneto optics crystal mentioned above. In the 1st example of composition of the 
conventional optical variable attenuator shown in drawin g 29 , the garnet thick film which generally has YIG and the 
Faraday effect is well used as a magneto optics crystal (Faraday cell) used for an optical variable attenuator. However, 
generally such a Faraday cell has the wavelength dependency and temperature dependence to angle of rotation. The 
wavelength dependency and temperature dependence of a Faraday-rotation angle of a Faraday cell are shown in Table 



1. 

[0012] 
Table 1] 
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-0.083 deg/ea 


-0.040 deg/nn 




-0.086 deg/no 


-0.042 deg/'C 



[0013] Table 1 shows the change of a Faraday-rotation angle to change of wavelength in case the Faraday-rotation 
angle in 1550nm band is 45 degrees, and temperature. As for a garnet thick film, a property changes with the 
composition. The above-mentioned example shows the case of being comparatively large. The above-mentioned table 
1 shows that a Faraday-rotation angle decreases, when wavelength or temperature increases. 
[0014] Moreover, the relation between a magnetic field H and a Faraday-rotation angle is shown in drawing 3 1 . If a 
magnetic field H is increased in drawin g 3 1 , a Faraday-rotation angle will incline, and will increase at VxL, and a 
Faraday-rotation angle will be saturated with the magnetic field more than a predetermined size. This shows that the 
magnetic domain inside a magneto optics crystal turned into a single magnetic domain. In drawing 3 1 , change of 
temperature or wavelength changes inclination VxL. This shows that a wavelength dependency and temperature 
dependence are in the number of Velde. 

[0015] As mentioned above, there was a problem in which the temperature dependence and the wavelength 
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dependency of the magnitude of attenuation exist in the optical variable attenuator using the conventional magneto 
optics crystal. Furthermore, in order to include an optical variable attenuator in an optical transmission device, it is 
necessary to miniaturize the size of an optical variable attenuator further and to reduce drive current. 
[0016] Moreover, in the 2nd example of composition of the conventional optical variable attenuator shown in drawing 
31 , the loss (Polarization Dependent Loss:PDL) by few polarization dependencies has still arisen. In view of the 
above-mentioned trouble, the purpose of this invention reduces the temperature dependence, the wavelength 
dependency, and drive current of the magnitude of attenuation, and provides an optical transmission device with the 
small optical variable attenuator using the applicable magneto optics crystal easily. 

[0017] The purpose of others of this invention reduces loss by the polarization dependency in the optical variable 

attenuator which used the wedge-like birefringence crystal. 

[0018] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in this invention, it is 
characterized by providing the following means. It is the optical variable attenuator which decreases the power of a 
light beam with invention equipment according to claim 1 , and it has the magneto optics crystal which makes 
adjustable rotate the polarization direction of the aforementioned light beam, and the analyzer which passes the light 
beam which passed the aforementioned magneto optics crystal according to the polarization direction, and it carries out 
that the polarization direction of the aforementioned analyzer is substantially set as a rectangular state with the 
polarization direction of the aforementioned light beam in case there is no rotation of the polarization direction in the 
aforementioned magneto optics crystal as the feature. 

[0019] With invention equipment according to claim 2, in an optical variable attenuator according to claim 1, it has 
further the polarizer which generates the aforementioned light beam, and the polarization direction of the 
aforementioned analyzer is characterized by being set as a rectangular state as substantially as the polarization 
direction of the aforementioned polarizer. 

[0020] With invention equipment according to claim 3, the polarization direction of the aforementioned analyzer and 
the polarization direction of the aforementioned light beam in case there is no rotation of the polarization direction in 
the aforementioned magneto optics crystal are characterized by being set up at the angle of **30 degrees 80 degrees in 
an optical variable attenuator according to claim 1 or 2. 

[0021] The magneto optics crystal which it is [ magneto optics crystal ] the optical variable attenuator which decreases 
the power of a light beam, and makes adjustable rotate the polarization direction of the aforementioned light beam with 
invention equipment according to claim 4, The magnetic circuit which generates electrically the magnetic field for 
being impressed by the aforementioned magneto optics crystal, It is prepared in either the interior of the 
aforementioned magnetic circuit, or near, and has the permanent magnet which generates the magnetic field electrically 
generated in the aforementioned magnetic circuit, and the bias magnetic field substantially impressed to the 
aforementioned magneto optics crystal in parallel. Even when the magnetic field electrically generated in the 
aforementioned magnetic circuit is lost, it is characterized by impressing a magnetic field to the aforementioned 
magneto optics crystal, and penetrating a part of aforementioned light beam [ at least ]. 

[0022] The magneto optics crystal which it is [ magneto optics crystal ] the optical variable attenuator which decreases 
the power of a light beam, and makes adjustable rotate the polarization direction of the aforementioned light beam with 
invention equipment according to claim 5, The magnetic circuit which generates electrically the magnetic field for 
being impressed by the aforementioned magneto optics crystal, It has the permanent magnet which generates the 
magnetic field electrically generated in the aforementioned magnetic circuit, and the bias magnetic field substantially 
impressed to the aforementioned magneto optics crystal at an angle smaller than 90 degrees. Even when the magnetic 
field electrically generated in the aforementioned magnetic circuit is lost, it is characterized by impressing a magnetic 
field to the aforementioned magneto optics crystal, and penetrating a part of aforementioned light beam [ at least ]. 
[0023] With invention equipment according to claim 6, in an optical variable attenuator according to claim 4 or 5, it 
has further the analyzer which passes the light beam which passed the aforementioned magneto optics crystal 
according to the polarization direction, and the polarization direction of the aforementioned analyzer is characterized 
by being substantially set as a rectangular state with the polarization direction of the aforementioned light beam in case 
there is no rotation of the polarization direction in the aforementioned magneto optics crystal. 
[0024] With invention equipment according to claim 7, it is the optical variable attenuator which decreases the power 
of a light beam, and the magnetic field for being impressed by the magneto optics crystal which makes adjustable 
rotate the polarization direction of the aforementioned light beam, and the aforementioned magneto optics crystal is 
generated, it has the magnetic circuit which has the yoke with which the aforementioned magneto optics crystal was 
inserted in the internal gap, and the magnetic field generated in the yoke of the aforementioned magnetic circuit is 
characterized by being efficiently impressed by the aforementioned magneto optics crystal. 
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[0025] With invention equipment according to claim 8, the aforementioned magnetic circuit is characterized by having 
further at least one coil for being prepared near the gap of the aforementioned yoke and making the aforementioned 
gap generate a magnetic field electrically in an optical variable attenuator according to claim 7. 
[0026] With invention equipment according to claim 9, in an optical variable attenuator according to claim 7, it has 
further the 1 st lens for converging the aforementioned light beam and carrying out incidence to the aforementioned 
magneto optics crystal, the interval of the gap of the aforementioned yoke is narrowed according to the size of the light 
beam which it converged with the 1 st lens of the above, and it is characterized by impressing efficiently the magnetic 
field generated about this gap to the aforementioned magneto optics crystal. 

[0027] With invention equipment according to claim 10, in an optical variable attenuator according to claim 9, after the 
light beam by which convergence was carried out [ aforementioned ] passes the aforementioned magneto optics crystal, 
it is characterized by including the 2nd lens for setting the light beam by which convergence was carried out 
[ aforementioned ] as a predetermined size. 

[0028] The light amplifier which has the gain property which is the light amplifier which amplifies the lightwave 
signal which has a predetermined wavelength-range region with invention equipment according to claim 1 1 , and has a 
wavelength dependency, This lightwave signal is decreased in adjustable using rotation of the polarization direction of 
the lightwave signal in a magneto optics crystal. While a damping property has the aforementioned wavelength 
dependency of the gain in the aforementioned light amplifier, and the optical variable attenuator which has a reverse 
wavelength dependency substantially and the aforementioned lightwave signal decreases it in the aforementioned 
optical variable attenuator, it is characterized by reducing the aforementioned wavelength dependency of the gain in 
the aforementioned light amplifier. 

[0029] With invention equipment according to claim 12, it sets to light amplifier according to claim 1 1. the 
aforementioned optical variable attenuator It has the magneto optics crystal which makes adjustable rotate the 
polarization direction of the aforementioned lightwave signal, and the analyzer which passes the lightwave signal 
which passed the aforementioned magneto optics crystal according to the polarization direction. The polarization 
direction of the aforementioned analyzer, the polarization direction of the aforementioned lightwave signal, and the 
aforementioned magneto optics crystal are characterized by being set up so that the wavelength dependency of the 
aforementioned reverse may be acquired substantially in the predetermined magnitude of attenuation. 
[0030] The magneto optics crystal which it is [ magneto optics crystal ] an optical variable attenuator for connecting 
with a light amplifier, and reducing the wavelength dependency of the gain in the aforementioned light amplifier with 
invention equipment according to claim 13, and decreasing a lightwave signal, and makes adjustable rotate the 
polarization direction of the aforementioned lightwave signal, It has the analyzer which passes the lightwave signal 
which passed the aforementioned magneto optics crystal according to the polarization direction, the polarization 
direction of the aforementioned analyzer, the polarization direction of the aforementioned lightwave signal, and the 
aforementioned magneto optics crystal In the predetermined magnitude of attenuation, it is characterized by being set 
up so that a reverse wavelength dependency may be substantially acquired with the wavelength dependency of the gain 
of the aforementioned light amplifier. 

[003 1] The magneto optics crystal which it is [ magneto optics crystal ] the optical variable attenuator which decreases 
the power of a light beam, and makes adjustable rotate the polarization direction of the aforementioned light beam with 
invention equipment according to claim 14, The analyzer which leads a part of light beam [ at least ] which passed the 
aforementioned magneto optics crystal to the output of the aforementioned optical variable attenuator, It is 
characterized by controlling the polarization direction of the aforementioned light beam in the aforementioned magneto 
optics crystal so that it may have the output side electric eye which branches a part of output light of the 
aforementioned optical variable attenuator, and carries out the monitor of the output power and the output power of the 
aforementioned optical variable attenuator which carried out the monitor by the aforementioned output side electric eye 
may become a predetermined value. 

[0032] The magneto optics crystal which it is [ magneto optics crystal ] the optical variable attenuator which decreases 
the power of a light beam, and makes adjustable rotate the polarization direction of the aforementioned light beam with 
invention equipment according to claim 15, The analyzer which leads a part of light beam [ at least ] which passed the 
aforementioned magneto optics crystal to the output of the aforementioned optical variable attenuator, The input-side 
electric eye which carries out the monitor of the input control power of the light beam inputted into the aforementioned 
magneto optics crystal, So that it may have the output side electric eye which carries out the monitor of the output 
power of the aforementioned optical variable attenuator and a ratio with the output power of the aforementioned optical 
variable attenuator which carried out the monitor by the input control power and the aforementioned output side 
electric eye of the aforementioned light beam which carried out the monitor by the aforementioned input-side electric 
eye may become a predetermined value It is characterized by controlling the polarization direction of the 
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aforementioned light beam in the aforementioned magneto optics crystal. 

[0033] invention equipment according to claim 16 — an optical variable attenuator according to claim 14 or 15 ~ 
setting - the aforementioned analyzer - a birefringence crystal - containing — the aforementioned analyzer ****-- it 
is characterized by having further the aperture which leads a part of light beam from which polarization was separated 
to the aforementioned output side electric eye 

[0034] The magneto optics crystal which it is [ magneto optics crystal ] the optical variable attenuator which decreases 
the power of a light beam, and makes adjustable rotate the polarization direction of the aforementioned light beam with 
invention equipment according to claim 1 7, The magnetic circuit which generates the magnetic field for being 
impressed by the aforementioned magneto optics crystal about an internal gap, It has a case for holding the 
aforementioned magneto optics crystal and the aforementioned magnetic circuit, and mounting in a substrate, and the 
aforementioned magnetic circuit is characterized by being mounted in a case so that the direction of the 
aforementioned gap may be the height direction of the aforementioned case substantially. 
[0035] It is the optical variable attenuator which decreases the power of a light beam with invention equipment 
according to claim 18, it is the magneto optics crystal which makes adjustable rotate the polarization direction of the 
aforementioned light beam, and the magnetic circuit which generates the magnetic field for being approached and put 
on the aforementioned magneto optics crystal, and being impressed by the aforementioned magneto optics crystal, and 
it carries out having the aforementioned magnetic circuit which is close so that the aforementioned point may sandwich 
the aforementioned magneto optics crystal including the yoke of a horseshoe-shape configuration with which the front 
point is thinner than other portions as the feature. 

[0036] With invention equipment according to claim 19, in an optical variable attenuator according to claim 18, the 
aforementioned magnetic circuit consists of permanent magnets, and it has further the electromagnet which generates 
electrically the magnetic field for being approached and put on the aforementioned magneto optics crystal, and being 
impressed by the aforementioned magneto optics crystal, and the point of the yoke of the aforementioned permanent 
magnet is characterized by being close from the aforementioned electromagnet with the aforementioned magneto 
optics crystal. 

[0037] Even if it is the optical variable attenuator which decreases the power of a light beam, it has the magneto optics 
crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, and the magnetic 
circuit which generates electrically the magnetic field for having the yoke which contains the half-hard magnetic 
substance in part at least, and being impressed by the aforementioned magneto optics crystal by drive current with 
invention equipment according to claim 20 and supply of the aforementioned drive current stops, it carries out that the 
aforementioned magnetic field is maintained as the feature. 

[0038] With invention equipment according to claim 21, in an optical variable attenuator according to claim 20, the 
aforementioned yoke has partially two or more half-hard magnetic substance with which the magnetization in a 
saturation state differs, and is characterized by the ability to change gradually the size of the magnetic field generated 
in the aforementioned magnetic circuit by controlling magnetization for every aforementioned half hard magnetic 
substance. 

[0039] The 1st wedge-like birefringence crystal to which it is the optical variable attenuator which decreases the power 
of a light beam, and the birefringence of the aforementioned light beam is carried out with invention equipment 
according to claim 22, The magneto optics crystal which makes adjustable rotate the polarization direction of the 
aforementioned light beam where polarization was separated as the wedge-like birefringence crystal of the above 1st, 
The magnetic circuit which generates the magnetic field for being substantially impressed by the aforementioned 
magneto optics crystal perpendicularly with the aforementioned light beam, It has the 2nd wedge-like birefringence 
crystal to which the birefringence of the light beam outputted from the aforementioned magneto optics crystal is 
carried out. It is characterized by impressing the magnetic field of the aforementioned magnetic circuit to the flat 
surface which consists of aforementioned light beams from which polarization was separated as the wedge-like 
birefringence crystal of the above 1 st perpendicularly substantially at the aforementioned magneto optics crystal. 
[0040] Above invention equipment acts as follows. In the optical variable attenuator given in any 1 term, the 
polarization direction of the aforementioned analyzer is substantially set as the rectangular state with the polarization 
direction of the aforementioned light beam in case there is no rotation of the polarization direction in the 
aforementioned magneto optics crystal a claim 1 or among 3. 

[0041] In this case, when a Faraday-rotation angle is large, the variation of a Faraday-rotation angle to change of 
wavelength is also large. However, since the variation of the magnitude of attenuation to change of a Faraday-rotation 
angle is small, the variation of the magnitude of attenuation to change of wavelength can be reduced. Moreover, when 
a Faraday-rotation angle is small, the variation of a Faraday-rotation angle to change of wavelength is also small. 
Therefore, in this case, although the variation of the receiving magnitude of attenuation to change of a Faraday-rotation 
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angle is large, the variation of the magnitude of attenuation to change of wavelength can be reduced. 
[0042] Therefore, the wavelength dependency of the magnitude of attenuation can be reduced in a **** variable 
attenuator. Moreover, the temperature dependence of the magnitude of attenuation can be reduced similarly. In the 
optical variable attenuator given in any 1 term, the magnetic field generated with the permanent magnet or its part is 
always impressed to a light beam and parallel at the magneto optics crystal a claim 4 or among 6. Therefore, in a **** 
variable attenuator, even if the current impressed to a magnetic circuit will not flow by failure etc., a light beam can be 
penetrated. Consequently, the influence which it has on operation of transmission equipment can be reduced. 
Furthermore, wavelength and temperature dependence can also be reduced. 

[0043] Especially, at an optical variable attenuator according to claim 5, an above-mentioned effect can be acquired 
with simpler composition. In an optical variable attenuator given in any 1 term, a magneto optics crystal (Faraday cell) 
can be inserted without a crevice into the gap of a yoke a claim 7 or among 10. Therefore, the magnetic field generated 
in the yoke can be efficiently supplied to a magneto optics crystal, without leaking outside, consequently can impress 
uniformly a magnetic field strong against a magneto optics crystal. Therefore, the current supplied at a magnetic circuit 
compared with composition with a crevice between a magneto optics crystal and a yoke can be reduced, and the drive 
power of a magnetic circuit can be reduced. 

[0044] Especially, in an optical variable attenuator according to claim 8, by preparing the coil near the magneto optics 
crystal, the influence of the magnetic reluctance in a yoke is reduced, and the magnetic field efficiently generated in the 
yoke can be supplied to a magneto optics crystal. Therefore, the drive power of an electromagnet can be reduced more. 
Furthermore, since the height by the side of the loop of a yoke can be made low, the height of an optical variable 
attenuator can also be made low, consequently the ease of mounting improves. 

[0045] Moreover, in an optical variable attenuator according to claim 9 or 1 0, the interval of the gap of a yoke can be 
narrowed to about 200 micrometers. Therefore, the magnetic field generated in the yoke can be efficiently impressed to 
a Faraday cell, and drive power can be reduced further. 

[0046] In light amplifier according to claim 1 1 or 12 and an optical variable attenuator according to claim 13, the 
wavelength dependency of the magnitude of attenuation can be arbitrarily set up by adjusting the polarization direction 
of an analyzer, the polarization direction of a lightwave signal, and a magneto optics crystal. Therefore, the wavelength 
dependency of the gain of a light amplifier can be reduced without using the light filter for gain equalization. 
Moreover, in a **** variable attenuator, a wavelength dependency is greatly made, so that the magnitude of 
attenuation is large. Therefore, the wavelength dependency of the gain of a light amplifier when the upper limit of 
optical-pumping power is small is cancellable good. Therefore, the power of the excitation light of optical fiber 
amplifier can be set up small, and the miniaturization of optical fiber amplifier and low-power-ization are attained. 
[0047] A claim 14 or among 16, it is controlled, or it is controlled so that a ratio with the output power of the optical 
variable attenuator which carried out the monitor by the power and the output side electric eye of the light beam which 
carried out the monitor by the input-side electric eye becomes a predetermined value so that the output-power power of 
the optical variable attenuator which carried out the monitor by the output side electric eye in the optical variable 
attenuator given in any 1 term becomes a predetermined value. Therefore, amendment of the temperature characteristic 
of the magnitude of attenuation of an optical variable attenuator, degradation with the passage of time, polarization loss 
change, etc. is attained. 

[0048] What is necessary is just to secure the space which is equivalent to the radius of a ring-like yoke, respectively to 
light beam a top and the bottom in an optical variable attenuator according to claim 1 7, if a magnetic circuit is 
constituted from a ring-like yoke. Therefore, the height of an optical variable attenuator can be made low. 
[0049] In an optical variable attenuator according to claim 18 or 19, the magnetic field of a magnetic circuit can be 
efficiently impressed to a magneto optics crystal. Therefore, a magnetic circuit can prevent revealing a magnetic field 
outside, and can also reduce the influence of the magnet on others. In an optical variable attenuator according to claim 
20, a yoke contains the half-hard magnetic substance in part at least. Therefore, a yoke is magnetized by impression of 
a pulse current, and the magnetization is held even if it stops supply of current. Therefore, the power consumption of 
an optical variable attenuator can be reduced. 

[0050] In an optical variable attenuator according to claim 21, the magnetic field generated with an electromagnet can 
be stably set up gradually by controlling two or more half-hard magnetic substance with which magnetization differs. 
In an optical variable attenuator according to claim 22, the bias magnetic field for simplifying the magnetic domain of 
a magneto optics crystal is substantially impressed perpendicularly by the refraction flat surface. Thereby, polarization 
dependency loss can be reduced. 
[0051] 

[Embodiments of the Invention] First, the 1st principle of this invention is explained. Drawing 1 is the example of 
composition of the optical variable attenuator concerning this invention, this — light — a variable attenuator — a 
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polarizer - (-- P --) — ten — a magneto optics crystal - it is - a Faraday cell - (-- FR --) - 20 ~ and — an analyzer 
(analyzer) - (— A --) - 30 — constituting - having . A light beam 5 is supplied in order of a polarizer 10, Faraday cell 
20, and an analyzer 30. 

[0052] Moreover, the optical variable attenuator has further the permanent magnet 40 for impressing a magnetic field 
to Faraday cell 20, and the electromagnet 50 which consists of a yoke 52 and a coil 54. The magnetic field by the 
permanent magnet 40 is impressed in the direction of a light beam 5, and the perpendicular direction at Faraday cell 20, 
and the magnetic field by the electromagnet 50 is impressed in the direction of a light beam 5, and the same direction at 
Faraday cell 20. 

[0053] If a light beam 5 is supplied to a polarizer 10, the light of the linearly polarized light which has the same 
polarization direction as the polarization direction of a polarizer 10 will be outputted. The light of this linearly 
polarized light passes Faraday cell 20, and the polarization direction of passage light is rotated by the Faraday effect 
according to the magnetization magnitude of a vector generated in the direction of a light beam 5 at this time. The light 
beam 5 which the polarization direction rotated is supplied to an analyzer 30. 

[0054] The magnetic field by the permanent magnet 40 is large enough to the extent that it simplifies the magnetic 
domain in Faraday cell 20. Therefore, also in the synthetic magnetic field of a permanent magnet 40 and an 
electromagnet 50, loss of the light beam 5 within Faraday cell 20 sufficiently enlarges very few. The size of the 
magnetic field of an electromagnet 50 can change with the current impressed to a coil 54, and the direction of a 
synthetic magnetic field can also change with them. At this time, the polarization direction of a light beam 5 is rotated 
by the component (magnetization vector) of the same direction as the light beam 5 of the synthetic magnetic fields by 
the Faraday effect. When the polarization direction of a light beam 5 rotated by the Faraday effect is not in agreement 
with the polarization direction of an analyzer 30, a part or all of a light beam 5 is intercepted by the analyzer 30, and a 
light beam 5 declines. 

[0055] The above operation is substantially [ as operation of the optical variable attenuator using the conventional 
magneto optics crystal ] the same. Further, the polarizer 10 and the analyzer 30 consist of this inventions so that the 
polarization direction of the light beam 5 in the state (the magnetic field of the direction of an optical axis is zero) 
where there is no Faraday rotation in Faraday cell 20 may be in a rectangular state mostly with the polarization 
direction of an analyzer 30. Thereby, the temperature dependence and the wavelength dependency of the magnitude of 
attenuation of an optical variable attenuator can be reduced. Moreover, the above-mentioned rectangular state can 
insert a wavelength plate (polarization can be rotated) into an optical path, and can set it up also by adjusting 
arrangement of a polarizer and an analyzer. For example, even if it sets a polarizer and an analyzer as arrangement 0 
times, they can set up arrangement 90 degrees substantially by inserting a wavelength plate and rotating polarization 90 
degrees. 

[0056] A principle and operation are explained below. By the conventional optical variable attenuator, although it can 
be set as any value, the angle difference of the polarization direction of a polarizer 10 and the polarization direction of 
an analyzer 30 examines three kinds of angle differences (arrangement) in order to simplify explanation here. The 
example of arrangement of a polarizer (P), a Faraday cell (FR), and an analyzer (A) is shown in drawin g 2 . (A) of 
drawing 2 is the case where call arrangement 0 times, (B) of drawing 2 calls arrangement 45 degrees when the 
polarization direction of a polarizer and the polarization direction of an analyzer are parallel, (C) of drawing 2 calls 
arrangement 90 degrees when the angle difference of the polarization direction of a polarizer and the polarization 
direction of an analyzer is 45 degrees, and the polarization direction of a polarizer and the polarization direction of an 
analyzer lie at right angles. The arrangement shown in (C) of drawing 2 is applied to the optical variable attenuator 
concerning this invention. 

[0057] The magnitude of attenuation A of an optical variable attenuator is shown by the following formulas when the 

relative angle of the polarization direction of light and the polarization direction of a sensor which were rotated by the 

Faraday cell is set to theta. 

A=10 log(cos2 (90-theta+E))+Lo (2) 

E: An extinction ratio (anti-logarithm), Lo : loss (dB) 

Here, the extinction ratio of the optic from which E constitutes an optical variable attenuator, and Lo are the internal 
losses of an optic. By this formula, the magnitude of attenuation A of an optical variable attenuator is cos2. It increases 
according to theta. The calculation result of the magnitude of attenuation to the Faraday-rotation angle in 0 times 
arrangement is shown in drawing 3 . The calculation result of the magnitude of attenuation to the Faraday-rotation 
angle in 45-degree arrangement is shown in drawin g 4 . The calculation result of the magnitude of attenuation to the 
Faraday-rotation angle in 90-degree arrangement is shown in drawin g 5 . In the above-mentioned drawing, it is Control 
about a Faraday-rotation angle. Angle (deg) is called. 

[0058] In 0 times arrangement of (A), when a Faraday-rotation angle is 0 times (an impression magnetic field is zero), 
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the magnitude of attenuation is the smallest and the magnitude of attenuation serves as the maximum in the Faraday- 
rotation [ which increases a Faraday-rotation angle ] angle which it is alike, therefore the magnitude of attenuation 
increases, and is 90 degrees. In this case, to the Faraday-rotation angle to near 20 degrees, change of the magnitude of 
attenuation is loose, and change of the magnitude of attenuation [ as opposed to angle of rotation at the Faraday- 
rotation angle near 90 degrees ] is large. In order to attain the above-mentioned control, the length which can be rotated 
90 degrees or more is required for length L of a Faraday cell. 

[0059] In 45-degree arrangement of (B), when a Faraday-rotation angle is 0 times (an impression magnetic field is 
zero), the magnitude of attenuation is 3dB. If an angle of rotation is set as -45 degrees, the magnitude of attenuation 
will serve as the minimum, and if it is set as +45 degrees, the magnitude of attenuation will serve as the maximum. In 
this case, change of the magnitude of attenuation [ as opposed to angle of rotation at the Faraday-rotation angle near 45 
degrees ] is large. In the above-mentioned control, Faraday rotation of an opposite direction can be obtained by 
impressing the current of a retrose. Therefore, length L of a Faraday cell is good by the length which can be rotated 45 
degrees or more. Therefore, it is good in the half of the length of the Faraday cell in (A). 

[0060] In 90-degree arrangement of (C), when a Faraday-rotation angle is 0 times (an impression magnetic field is 
zero), the magnitude of attenuation is the largest and the magnitude of attenuation serves as the minimum in the 
Faraday-rotation [ which increases a Faraday-rotation angle ] angle which it is alike, therefore the magnitude of 
attenuation decreases, and is 90 degrees. In this case, change of the magnitude of attenuation [ as opposed to an angle 
of rotation to the Faraday-rotation angle near 0 times ] is large, and change of the magnitude of attenuation [ as 
opposed to angle of rotation at the Faraday-rotation angle near 90 degrees ] is small. In order to attain the above- 
mentioned control, the length which can be rotated 90 degrees or more is required for length L of a Faraday cell. 
[0061] As shown in the above explanation, near the maximum magnitude of attenuation, a rapid change of the 
magnitude of attenuation arises in change of few Faraday-rotation angles. However, examination showed that the 
variation of a Faraday-rotation angle to change of wavelength or temperature was dependent on a Faraday-rotation 
angle. Drawing 6 is a typical related view with the variation of a Faraday-rotation angle to change of a Faraday- 
rotation angle, wavelength, or temperature. The variation of a Faraday-rotation angle is proportional to a Faraday- 
rotation angle, that is, when a Faraday-rotation angle is 0 times (an impression magnetic field is zero), the variation of 
the Faraday-rotation angle by change of wavelength or temperature is zero, and a Faraday-rotation angle increases it - 
it is alike, and it follows and the variation of a Faraday-rotation angle also increases 

[0062] Therefore, in the state (state where a component parallel to the light beam of the synthetic magnetic field of two 
magnets serves as zero substantially) where Faraday rotation does not occur, the variation of the Faraday-rotation angle 
by change of wavelength or temperature is the minimum (substantially zero), and it is in this state, and if a polarizer 
and an analyzer are arranged so that the maximum magnitude of attenuation may be obtained, change of the magnitude 
of attenuation to change of a Faraday-rotation angle will also become small. Therefore, the temperature dependence 
and the wavelength dependency of the magnitude of attenuation are mitigable. Such arrangement is equivalent to the 
above-mentioned 90-degree arrangement of (C). 

[0063] That is, the maximum magnitude of attenuation with the variation of the magnitude of attenuation to a Faraday- 
rotation angle large when the Faraday-rotation angle from which the variation of the Faraday-rotation angle by change 
of wavelength or temperature serves as the minimum is nullity is obtained, and when it is the large Faraday-rotation 
angle to which the variation of a Faraday-rotation angle becomes large, the small magnitude of attenuation which 
shows change of the loose magnitude of attenuation is obtained. 

[0064] Specifically, when a Faraday-rotation angle is 0 times, arrangement of the polarization direction of a polarizer 
and the polarization direction of an analyzer is set as 90 degrees so that the maximum attenuation may be obtained. In 
this case, to change of a Faraday-rotation angle, although a Faraday-rotation angle changes with change of temperature 
or wavelength a lot at the time of the maximum transparency to which a Faraday-rotation angle becomes 90 degrees, 
since change of the magnitude of attenuation is very loose, change of the magnitude of attenuation can do very small at 
the time of the maximum transparency. 

[0065] The feature in 0 times arrangement of a polarizer and an analyzer, 45-degree arrangement, and 90-degree 
arrangement is shown in Table 2. 
[0066] 
[Table 2] 
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[0067] In 0 times arrangement and 90-degree arrangement, there is no distinction of input/output port. Even if it inputs 
[ either ], the same damping property can be acquired. On the other hand, in 45 -degree arrangement, non-repulsion- 
operation will be performed if input/output port is replaced. Although it becomes 3dB attenuation even if it inputs 
[ either ] when current is 0, when making the light beam penetrate by no decreasing from one side, it becomes the 
maximum attenuation from opposite direction. That is, it operates as an isolator. 

[0068] Moreover, the damping property over wavelength in case the angle differences of the polarization direction of a 
polarizer and an analyzer are 0 times, 45 degrees, 70 degrees, 80 degrees, and 90 degrees, respectively is shown in 
drawing 1 1 from drawing 7 . (A) of each drawing shows change of the arbitrary magnitude of attenuation to 
wavelength, and (B) of each drawing shows the deflection of the arbitrary magnitude of attenuation to wavelength. At 
(B), deflection is normalized on the wavelength of 1545nm. 

[0069] When obtaining the magnitude of attenuation 20dB or more in 0 times arrangement of drawings! , the 
deflection of the magnitude of attenuation to wavelength is large. On the other hand, the deflection of the magnitude of 
attenuation [ as opposed to / as opposed to / the magnitude of attenuation 35dB or more / by 90 degree arrangement of 
drawing 1 1 ] wavelength / is very small. Moreover, when the magnitude of attenuation is ldB, a Faraday-rotation angle 
is large, for example, change of a Faraday-rotation angle becomes about **2.5 degrees to **15nm wavelength 
variation. However, as shown by (B) of drawing 1 1 , the deflection of the magnitude of attenuation at that time is 
**0.01dB or less, and influence does not give operation of an optical transmission. 

[0070] When applying an optical variable attenuator to an optical transmission device, generally the 0-20dB magnitude 
of attenuation is often used. Therefore, when the deflection to the 0-20dB magnitude of attenuation was calculated, it 
turns out that the deflection in the 80-degree arrangement shown in drawing 10 is the smallest. Furthermore, if a 
general service condition is taken into consideration, the angle difference of the polarization direction of an analyzer 
and a polarizer can fully reduce a wavelength dependency practically, if it arranges within the limits of about **30 
degrees 80 degrees. 

[0071] Therefore, a polarizer and an analyzer consist of optical variable attenuators of this invention in drawing 1 so 
that the polarization direction of the light beam 5 in the state where there is no Faraday rotation in Faraday cell 20 may 
be in a rectangular state mostly with the polarization direction of an analyzer. Furthermore, as for the angle difference 
of the polarization direction of a polarizer and an analyzer, it is desirable that it is [ 80 degree ] **30 degrees. 
[0072] this invention is applicable to other examples of composition of an optical variable attenuator besides the 
example of composition shown in drawing 1 . Drawing 12 is other examples of composition of the optical variable 
attenuator concerning this invention. This optical variable attenuator consists of a polarizer 10, Faraday cell 20, and an 
analyzer 30 like the optical variable attenuator of drawing 1 . Furthermore, the polarizer 10 and the analyzer 30 are 
arranged so that each polarization direction may be in a rectangular state mostly. Here, in order to simplify explanation, 
the difference of the polarization direction is made into 90 degrees. 

[0073] The optical variable attenuator shown in drawing 12 has further the permanent magnet 42 for impressing a 
magnetic field to Faraday cell 20, and the electromagnet 55 which consists of a yoke 57 and a coil 59. The permanent 
magnet 42 consists of two magnets which have a doughnut-like hole, and a light beam 5 passes through a hole. The 
magnetic field by the permanent magnet 42 is impressed in the direction of a light beam 5, and the parallel direction at 
Faraday cell 20, and the magnetic field by the electromagnet 55 is impressed in the direction of a light beam 5, and the 
perpendicular direction at Faraday cell 20. 

[0074] The light beam 5 which has the linearly polarized light outputted from the polarizer 10 passes Faraday cell 20 
through the hole of a permanent magnet 42. The light beam 5 to which Faraday rotation of the polarization direction 
was carried out is supplied to an analyzer 30 through the hole of the permanent magnet 42 of farther others. The 
magnetic field by the permanent magnet 42 is large enough to the extent that it simplifies the magnetic domain in 
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Faraday cell 20. Therefore, also in the synthetic magnetic field of a permanent magnet 42 and an electromagnet 55, 
loss of the light beam 5 within Faraday cell 20 sufficiently enlarges very few. 

[0075] In this optical variable attenuator, if the current impressed to a coil 59 is made into zero, the magnetic field of a 
permanent magnet 42 will start only in the direction of a light beam 5. At this time, Faraday rotation of the polarization 
direction of a light beam 5 is carried out greatly, and when a Faraday-rotation angle is 90 degrees, the magnitude of 
attenuation serves as the minimum. On the other hand, if the current impressed to a coil 59 is increased, the 
magnetization vector of the direction of a light beam 5 will decrease, and a Faraday-rotation angle will also decrease. 
As for the magnitude of attenuation, a Faraday-rotation angle serves as the maximum substantially at the time of 0 
times (when the direction of the synthetic magnetic field of a permanent magnet 42 and an electromagnet 55 becomes 
perpendicular substantially with the direction of a light beam 5). The relation between a Faraday-rotation angle and the 
magnitude of attenuation is the same as the relation shown in drawing 5 . 

[0076] When a Faraday-rotation angle is large, the variation of a Faraday-rotation angle to change of wavelength is 
also large. However, as shown in drawin g 5 in this case, the variation of the magnitude of attenuation to change of a 
Faraday-rotation angle is small. Therefore, the variation of the magnitude of attenuation to change of wavelength can 
be reduced. 

[0077] Moreover, when a Faraday-rotation angle is small, the variation of a Faraday-rotation angle to change of 
wavelength is also small. Therefore, in this case, although the variation of the receiving magnitude of attenuation to 
change of a Faraday-rotation angle is large, the variation of the magnitude of attenuation to change of wavelength can 
be reduced. In a **** variable attenuator, the variation of the magnitude of attenuation can be similarly reduced to a 
temperature change. Moreover, when applying this optical variable attenuator to an optical transmission device, the 
angle difference of the polarization direction of a polarizer and an analyzer has 80 desirable degrees [ **30 ] like the 
optical variable attenuator shown in drawing 1 . 

[0078] In addition, arrangement of the polarization direction of the polarizer in the optical variable attenuator 
concerning this invention and an analyzer is applicable to the composition of various magnetic circuits irrespective of 
arrangement of a magnetic circuit. Next, the 2nd principle of the optical variable attenuator concerning this invention is 
explained. In the optical variable attenuator concerning this invention, when the current impressed to an electromagnet 
is zero, it always changes an optical variable attenuator into a transparency state. 

[0079] Although 90-degree arrangement of the polarizer mentioned above and an analyzer can make a wavelength 
dependency and temperature dependence very small, when the current (drive current) impressed to the coil 54 of an 
electromagnet 50 is zero in the composition of the magnetic circuit (a permanent magnet 40 and electromagnet 50) of 
an optical variable attenuator shown in drawing 1 , the magnitude of attenuation serves as the maximum. When drive 
current goes out by failure of a control circuit etc., the magnitude of attenuation serves as the maximum automatically, 
and this serves as a fail-safe function. However, since light does not penetrate conversely, there is a possibility of 
affecting an equipment assembly. There are more latter faults practical. 

[0080] Drawing 1 3 is drawing for explaining the 2nd principle of the optical variable attenuator concerning this 
invention. Compared with the optical variable attenuator which shows the optical variable attenuator shown in drawing 
13 to drawing 1 , the electromagnet 60 is formed instead of the electromagnet 50. The electromagnet 60 consists of the 
yokes 62 and coils 64 having a permanent magnet 66. Moreover, the permanent magnet 40 is omitted on account of 
explanation. Other composition is the same as the optical variable attenuator of drawing 1 . Therefore, the polarizer 10 
and the analyzer 30 are installed so that the angle difference of those polarization directions may be 90 degrees. The 
same reference number is given to the element which has the same function as the optical variable attenuator of 
drawin g 1 . 

[0081] In the optical variable attenuator of drawing 13 , a bias magnetic field is impressed in the direction of a light 
beam 5 with the permanent magnet 66 in an electromagnet 60. This bias magnetic field strength is set up so that the 
Faraday-rotation angle in Faraday cell 20 may be 90 degrees. Furthermore, the magnetic field of the electromagnet 60 
generated when current is impressed to a coil 64 operates so that the bias magnetic field of a permanent magnet 66 may 
be negated. 

[0082] In this optical variable attenuator, when the current impressed to a coil 64 is zero, with a permanent magnet 66, 
only a bias magnetic field is impressed in the direction of a light beam 5, and the polarization direction of a light beam 
5 is rotated 90 degrees in Faraday cell 20. Therefore, as for the rotated polarization direction of a light beam 5, in 
accordance with the polarization direction of an analyzer 30, the permeability of an optical variable attenuator serves as 
the maximum. On the other hand, if the current impressed to a coil 64 increases, a bias magnetic field will be negated, 
and Faraday rotation will decrease, consequently the magnitude of attenuation will increase. 
[0083] Therefore, at a **** variable attenuator, by failure etc., even if the current impressed to an electromagnet 60 
will not flow, a light beam can be penetrated and wavelength and temperature dependence can also be reduced. The 
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example of change of an optical variable attenuator shown in drawing 14 at drawing 1 3 is shown. In the optical 
variable attenuator shown in drawing 14 , Faraday cell 22 which has the length of the half is formed instead of Faraday 
cell 20 compared with the optical variable attenuator shown in drawin g 13 . The length of Faraday cell 22 is chosen by 
the bias magnetic field of the permanent magnet 66 in an electromagnet 60 so that -45 Faraday rotation may be 
performed. Other composition is the same as the optical variable attenuator of drawing 13 . Therefore, the polarizer 10 
and the analyzer 30 are installed so that the angle difference of those polarization directions may be 90 degrees. The 
same reference number is given to the element which has the same function as the optical variable attenuator of 
drawing 13 . 

[0084] In this optical variable attenuator, when the current impressed to an electromagnet 60 is zero, only the bias 
magnetic field by the permanent magnet 66 is impressed to Faraday cell 22, and -45 Faraday rotation is performed. At 
this time, permeability is about 50%. If current is impressed to an electromagnet 60 in the right direction, a bias 
magnetic field will decrease by the magnetic field by the electromagnet 60, and a Faraday-rotation angle will also 
decrease. When a Faraday-rotation angle is 0 times, the magnitude of attenuation serves as the maximum. 
[0085] On the other hand, if current is impressed to an electromagnet 60 in the negative direction, the magnetic field by 
the electromagnet 60 will join a bias magnetic field, and a Faraday-rotation angle will increase in the negative 
direction. When a Faraday-rotation angle becomes -90 degrees, permeability serves as the maximum. Therefore, also in 
a **** variable attenuator, by failure etc., even if the current impressed to an electromagnet 60 will not flow, a light 
beam can be penetrated about 50%, and wavelength and temperature dependence can also be reduced. Furthermore, 
since a Faraday-rotation angle is small made at 45 degrees, the power supplied to an electromagnet can be reduced and 
low-power-ization of an optical variable attenuator can also be attained. 

[0086] In above-mentioned drawing 13 and the optical variable attenuator of drawing 14 , the structure which embeds a 
permanent magnet into a yoke is illustrated. However, since the permeability of the material of a yoke is very high, it 
can make a permanent magnet only able to approach a yoke, and can acquire the same effect. The example of change 
of an optical variable attenuator shown in drawing 15 at drawing 14 is shown. In the optical variable attenuator shown 
in drawing 1 5 , compared with the optical variable attenuator shown in drawing 14 , the electromagnet 50 which does 
not contain a permanent magnet instead of an electromagnet 60 is formed, and the permanent magnet 70 for adding a 
bias magnetic field to Faraday cell 22 from the direction of slanting is formed further. Other composition is the same as 
the optical variable attenuator of drawing 14 . The same reference number is given to the element which has the same 
function as the optical variable attenuator of drawing 14 . 

[0087] In the optical variable attenuator of above-mentioned drawing 14 , the bias magnetic field is added in parallel 
with a light beam 5 with the permanent magnet 66 prepared in the yoke 62. In this case, in order to simplify the 
magnetic domain in Faraday cell 22, a bias magnetic field can be further added in the direction perpendicular to a light 
beam 5 with another permanent magnet like the optical variable attenuator of drawing 1 . At this time, the synthetic 
magnetic field by which vector composition of these bias magnetic fields was carried out is added to Faraday cell 22. 
In the optical variable attenuator shown in drawing 15 , this synthetic magnetic field can be formed with one 
permanent magnet 70. 

[0088] Therefore, a **** variable attenuator is simpler composition and can have the same effect as the optical 
variable attenuator shown in drawing 14 . Moreover, this invention is applicable not only to the optical variable 
attenuator shown in drawing J4 but other examples of composition containing the optical variable attenuator of 
drawingJ3 . Next, the 3rd principle of the optical variable attenuator concerning this invention is explained. When 
including an optical variable attenuator in equipment, in order to attain low-power-ization of equipment, it is necessary 
to reduce the drive power impressed to the coil of the magnetic circuit which controls the magnitude of attenuation of 
an optical variable attenuator. For that purpose, it is necessary to impress efficiently the magnetic field generated in the 
magnetic circuit to a Faraday cell. 

[0089] DrawingJ6 is the example of composition of the magnetic circuit of the optical variable attenuator concerning 
this invention. The electromagnet 80 which consists of a yoke 82 and a coil 84, and Faraday cell 20 are shown by 
drawing 16 . Faraday cell 20 is inserted that there is no crevice in the gap of a yoke 82. Therefore, the magnetic field 
generated in the yoke 82 can be efficiently supplied to Faraday cell 20, without leaking outside, consequently can 
impress a magnetic field strong against a Faraday cell uniformly. Therefore, the current supplied at a coil compared 
with composition with a crevice between a Faraday cell and a yoke can be reduced, and the drive power of an 
electromagnet can be reduced. 

[0090] DrawingJI is the example of change of the magnetic circuit of an optical variable attenuator shown in drawing 
16 . The cross section which looked at (A) from the top, and (B) show the cross section seen from width. In the 
magnetic circuit of the optical variable attenuator of drawing 17 , two divided coils 86-1 and 86-2 are prepared near 
Faraday cell 20 instead of the coil 84 compared with the electromagnet 80 shown in drawin g 16 . 
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[0091] By preparing the coil near Faraday cell 20, the influence of the magnetic reluctance in a yoke is reduced, and 
the magnetic field efficiently generated in the yoke can be supplied to Faraday cell 20. The drive power of an 
electromagnet can be reduced also by this composition. Furthermore, since the height by the side of the loop of a yoke 
82 can be made low, the height of an optical variable attenuator can also be made low, consequently the ease of 
mounting improves. 

[0092] In addition, in the optical variable attenuator shown in drawin g 1 7 , the wedge-like birefringence crystal is used 
as a polarizer and an analyzer, and, thereby, a polarization dependency can be removed. This operation is indicated by 
JP,6-51255,A "an optical attenuator." The following methods are also considered as a method of impressing efficiently 
the magnetic field generated in the yoke to a Faraday cell. In the magnetic circuit of drawing 16 and drawin g 1 7 , the 
gap of the yoke which inserts a Faraday cell can impress a magnetic field to a Faraday cell efficiently, so that it is 
narrow. Since it is not large compared with it of a yoke, the relative permeability of a Faraday cell has a possibility that 
a stray magnetic field may occur all over space through a Faraday cell. 

[0093] For this reason, it is necessary to keep the gap of a yoke as narrow as possible. If a gap is narrowed, in order for 
the area which a light beam penetrates to decrease, it is necessary to make small the collimated light beam system. This 
demand can realize the focal distance of a lens by shortening. For example, if the focal distance of a lens is set to 
0.7mm, the collimated beam diameter will be small made in about about 140 micrometers. For this reason, even if it 
takes an assembly tolerance into consideration, it is comparatively easy to set the gap of a yoke as the twice [ about ] as 
many about 300 micrometers or less as this. 

[0094] DrawingJ8 is the example of composition of others of the optical variable attenuator of this invention. The 
magnetic circuit is omitted in order to simplify explanation. In the optical variable attenuator shown in drawing 1 8 , it 
converges a light beam in a Faraday cell with the lens by the side of incidence. Therefore, in a Faraday cell, the gap of 
a yoke can be made still narrower. A light beam can be extracted to about 100 micrometers. If this optical system is 
applied to an optical variable attenuator, the interval of the gap of a yoke can be narrowed to about 200 micrometers. 
Therefore, the magnetic field generated in the yoke can be efficiently impressed to a Faraday cell, and drive power can 
be reduced further. 

[0095] Next, the 4th principle of the optical variable attenuator concerning this invention is explained. The wavelength 
dependency of the gain of optical fiber amplifier can be compensated with the optical variable attenuator concerning 
this invention by using the wavelength dependency of the magnitude of attenuation. First, the trouble of optical fiber 
amplifier is explained. As for optical fiber amplifier, Er (erbium) addition optical fiber amplifier (Erbium- 
DopedFiberAmplifier:EDFA) is used well. This EDFA has the composition which amplifies input light by supplying 
excitation (pumping) light from the exterior. 

[0096] The amplification property of typical EDFA is shown in draw ing 1 9 . The case where, as for drawing 19 , the 
multiplex multiplexed signal is amplified for four lightwave signals in near 1550nm is shown. EDFA has the peak of 
gain in nearly 1535nm, and an amplification property is not flat so that I may be understood from this drawing. 
Therefore, the wavelength-range region near 1540-1560nm where gain is usually comparatively flat is used as a 
lightwave signal. 

[0097] However, also in this wavelength-range region, there is a possibility that a wavelength dependency may 
increase, by the operating state of optical fiber amplifier. If input control power is increased in the state where fixed 
control of the output power is carried out, or input control power is fixed and output power is increased as shown in 
drawingj.9 (equivalent to a lower graph in the graph of draw ing 19 ), the gain by the side of near 1 540nm short 
wavelength will fall rather than the 1 560nm side. 

[0098] In an optical transmission system, since it differs for every place which the length of an optical fiber lays, the 
power inputted into optical fiber amplifier differs. Therefore, when input control power differs for every construction 
place, the wavelength dependency of the gain of output power occurs. In order to prevent this wavelength dependency, 
it is necessary to keep the gain of optical fiber amplifier constant. If gain is controlled uniformly, the rate of the ion of 
the inverted population state of Er ion in EDFA becomes fixed, and change of a wavelength dependency can be 
reduced. In this case, the following two problems arise further. 

[0099] If gain [ in / optical fiber amplifier / always / in the 1st problem ] is controlled uniformly, output power will 
change according to input control power. In this case, in an optical fiber, since light is confined in a very small portion 
and long-distance propagation of light is performed, the influence of a nonlinear optical effect increases. Therefore, in 
order to avoid the influence of a nonlinear optical effect, it is necessary to control to reduce the input control power to 
an optical fiber. For this reason, like dmwing_20 , in order to keep an optical output constant, an optical variable 
attenuator is connected to optical fiber amplifier, and further, in order to reduce change of a wavelength dependency, 
the gain of optical fiber amplifier is uniformly controlled by the 1st conventional method. In this case, in order to make 
the wavelength dependency of gain mitigate, it is necessary to make sufficient excitation light power input, and there 
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are problems, such as increase of power consumption and enlargement of equipment. 

[0100] The 2nd problem is enlarging excitation power, when controlling the gain of optical fiber amplifier uniformly 
and reducing the wavelength dependency of gain. If an inverted population state is set as a predetermined state, gain of 
the wavelength region of 1540nm - 1560 nm can be mostly made into flatness. However, for that, it is necessary to 
enlarge excitation power. If excitation power is low, as mentioned above, the inverted population will be in an 
imperfect state, and the gain by the side of long wavelength will occur. Then, in the 2nd conventional method, the light 
filter in which the loss by the side of long wavelength has a large property is inserted, and the wavelength dependency 
of gain can be reduced by few excitation power. However, by this method, a light filter is needed and the composition 
of equipment becomes complicated. 

[0101] Since the above trouble is solved, the optical variable attenuator concerning this invention mentioned above is 
applicable. Specifically, the optical variable attenuator concerning this invention is applicable as an optical variable 
attenuator ATT in the composition shown in drawing 20 . In this case, parameters, such as angle arrangement of the 
polarizer of an optical variable attenuator and an analyzer and FR element length, are adjusted so that it may have a 
wavelength dependency contrary to the wavelength dependency (wavelength dependency : graph of the drawing 19 
bottom when output power is large) of optical fiber amplifier. The damping property of such an optical variable 
attenuator is shown in drawing 21 . The magnitude of attenuation is increasing to the long wavelength side. 
[0102] By applying a **** variable attenuator to transmission equipment, the light filter for canceling a wavelength 
dependency is removable. Moreover, since the wavelength dependency is large, the wavelength dependency of the gain 
of optical fiber amplifier is cancellable in a **** variable attenuator, good, so that the magnitude of attenuation is 
large. 

[0103] The latter advantage is further explained to a detail. The latter advantage will be unnecessary if the ideal optical 
fiber amplifier which is not concerned with input control power but can control gain uniformly exists. However, the 
excitation light power of actual optical fiber amplifier is limited. When input control power increases, in order to 
control gain uniformly, it is necessary to raise excitation light power. In order to keep an optical output constant at this 
time, the magnitude of attenuation of an optical variable attenuator increases. 

[0104] However, if input control power increases further and excitation light power reaches a upper limit, it will 
become impossible to keep an inverted population state constant, and the gain by the side of the long wavelength of 
optical fiber amplifier will increase. The inclination will become still larger if the upper limit of excitation light power 
is small. Therefore, if the optical variable attenuator has the property that a wavelength dependency becomes large so 
that the magnitude of attenuation is large, even if the upper limit of excitation light power is small, the wavelength 
dependency of gain is effectively cancellable. Therefore, the power of the excitation light of optical fiber amplifier can 
be set up small, and the miniaturization of optical fiber amplifier and low-power-ization are attained. 
[0105] in addition, in the optical variable attenuator which has such a big wavelength dependency, the temperature 
dependence of the magnitude of attenuation is also large - it is expected Therefore, it is desirable to add the control 
circuit which keeps the temperature of a Faraday cell constant in this case. Next, the 5th principle of the optical 
variable attenuator concerning this invention is explained. In case it controls by the optical variable attenuator using the 
magneto-optical effect to the same magnitude of attenuation, the drive current impressed to an electromagnet may 
differ by the case of the control to which the magnitude of attenuation is made to increase, and the case of the control 
which decreases the magnitude of attenuation. This originates in angle of rotation of a Faraday cell, or the hysteresis 
characteristic of a magnetic circuit. 

[0106] Drawing 22 is an example of composition for explaining the 5th principle of the optical variable attenuator 
concerning this invention. The input-control-power change to an optical variable attenuator is oppressed, and it can 
control by this composition to keep output power constant. In the example of composition shown in drawin g 22 , the 
optical variable attenuator shown in drawing 30 is used. In this optical variable attenuator, as a polarizer and an 
analyzer, in order to reduce the polarization dependency of the magnitude of attenuation, what processed the optical 
material which has birefringences, such as a rutile (rutil : titanium dioxide Ti02) and a calcite, in the shape of a wedge 
is used. When decreasing a space beam, without preparing a fiber in I/O, or when using a polarization maintenance 
fiber as an I/O fiber, the linearly polarized light is inputted into an optical variable attenuator. In this case, the 
polarization eliminator which used usual prism and a usual dielectric multilayer as a polarizer and an analyzer can be 
used. Moreover, in drawing 22 , in order to simplify explanation, the permanent magnet which gives a bias magnetic 
field is omitted. 

[0107] The aperture 104 which lets one side of two light beams which carried out the birefringence of a part of two 
light beams which carried out the birefringence to the output side of an optical variable attenuator to the branched 
optical coupler 100 and the lens 102 pass, and the electric eye 106 which carries out the monitor of the optical power 
which passed aperture 104 are formed, and the magnitude of attenuation of an optical variable attenuator is controlled 
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by the optical variable attenuator of drawing 22 so that optical power becomes a predetermined value. The light beam 
which passed analyzer 8b (birefringence crystal) of an output side separates a part of light beam with the optical 
coupler 100. The separated light beam is inputted into an electric eye 106 through a lens 102 and aperture 104. 
[0108] The branching ratio of the optical coupler 100 has the slight magnitude of attenuation of the main signal 
supplied to fiber 6b, and it is set up so that the monitor of the branched light beam can be enough carried out in an 
electric eye 106. For example, a branching ratio can be set about to 10:1 to 20:1. In the optical variable attenuator of 
drawin g J22 , the light beam separated with the optical coupler is inputted into an electric eye 1 06 through a lens 1 02 
and aperture 104. In the optical variable attenuator which used the birefringence tapered sheet as a polarizer and an 
analyzer, the polarization direction of a light beam rotates in the Faraday-rotation child 9, and a gap arises in the joint 
position in output optical fiber 6b of a light beam. Therefore, a part of light beam is not supplied to optical fiber 6b, but 
attenuation operation is performed. 

[0109] When the magnitude of attenuation is zero, a light beam is combined in the center of the core of output fiber 6b. 
Since attenuation is produced, if Faraday rotation is given in the polarization direction of a light beam, from a core, a 
light beam will combine with the position shifted and optical power will decline. Therefore, if light-receiving area is 
not extracted small enough like an optical fiber when receiving the separated light beam by the electric eye 106, light 
beams are supplied [ no ] to an electric eye 106, and can measure power of a light beam correctly. That is, if the 
diameter of light-receiving is larger than the position gap even if it changes the position to combine, the magnitude of 
attenuation cannot be measured. In addition, if the focal distance of the lens by the side of a monitor etc. is set up 
suitably, the light-receiving side of a bigger area than the core of an optical fiber is securable. Therefore, aperture 1 04 
is formed in the front face of an electric eye 106. Aperture is unnecessary when a light-receiving side is sufficiently 
small. 

[01 10] Next, operation of the control circuit prepared in the exterior of the optical variable attenuator of drawing 22 is 
explained. The electrical signal which carried out photo electric translation by the electric eye 1 06 is amplified by the 
electrical signal of suitable level with amplifier 108. The amplified electrical signal is inputted into the error detector 
1 10. The control-voltage generating circuit 1 12 outputs the voltage corresponding to desired optical power. The 
relation between the impression power to the coil of an optical variable attenuator and the magnitude of attenuation is 
prepared in the linear riser 1 14 at the amendment sake. Although a Faraday-rotation angle is proportional to impression 
power, the magnitude of attenuation is cos2 of a Faraday-rotation angle. It is proportional. Therefore, a programmed 
voltage is amended so that it may become the relation between alignment or a logarithm about the relation between a 
programmed voltage and output light power. This programmed voltage is inputted into the error detector 1 10 with the 
above-mentioned electrical signal, and is outputted as an error signal which the signal of those difference should 
control. 

[0111] Adjustment of the time constant of an electrical circuit is performed by the phase compensation circuit 1 16 in 
the error signal outputted from the error detector 110. Since the coil of the electromagnet which produces Faraday 
rotation has the inductance, it has a possibility of a response characteristic deteriorating and generating a ringing. 
Therefore, in the phase compensation circuit 1 16, in order to prevent them, the frequency characteristic of a control 
circuit is adjusted. The drive circuit 1 18 is a power amplification circuit for driving a coil. 

[0112] By using the control mentioned above, the output power equivalent to the programmed voltage generated in the 
control-voltage generating circuit 1 12 can always be obtained. In addition, the remote control of the control-voltage 
generating circuit 1 12 is attained by giving the control voltage from the outside. In this example of composition, 
amendment of the temperature characteristic of an optical variable attenuator, degradation with the passage of time, 
polarization loss change, etc. is also attained. 

[0113] Drawing 23 is an example of change of an optical variable attenuator shown in drawin g 22 . In the **** 
variable attenuator, the branching means and light-receiving means of a light beam are further added to the input side 
of an optical variable attenuator compared with the optical variable attenuator shown in drawing 22 . It is controllable 
by this example of composition to obtain the predetermined magnitude of attenuation regardless of input light power. 
The same reference number is given to the element which has the same function as drawing 22 . 
[01 14] In the **** variable attenuator, optical coupler 100a and electric-eye 106a are prepared in the input side like the 
output side. A part of input light power (for example, 1 / 10 - 1/20) branches, and a monitor is carried out by electric- 
eye 1 06a. Since a part of optical power has branched before an input side passes the polarizer which consists of a 
birefringence tapered sheet, the aperture 1 04 for restricting the diameter of light-receiving prepared in the output side is 
unnecessary. 

[01 15] In the optical variable attenuator of drawin g 23 , the signal which received light by the electric eyes 106a and 
106b of an input side and an output side is amplified to suitable level with Amplifier 108a and 108b, and is inputted 
into a ratio circuit 120. In this ratio circuit 120, the ratio of output power and input control power is calculated. This 
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result of an operation is inputted into the error detector 110. Simultaneously with it, the programmed voltage 
corresponding to the magnitude of attenuation is also inputted into the error detector 1 1 0. The error detector 1 1 0 
generates a control error signal, and phase compensation of the signal is carried out, and it drives a coil through the 
drive circuit 1 18. It is controlled by the above-mentioned control circuit so that the ratio of the optical power of the 
input section and the output section becomes fixed, and the magnitude of attenuation of an optical variable attenuator 
can control by it uniformly. 

[0116] Next, the 6th principle of the optical variable attenuator concerning this invention is explained. When it mounts 
an optical variable attenuator in an optical transmission device, it is necessary to miniaturize an optical variable 
attenuator. Since it may mount on the printed circuit board and transmission equipment may be especially constituted 
for the printed circuit board in piles, it is necessary to make the height of an optical variable attenuator low. 
Furthermore, it is important to reduce the power consumption of an optical variable attenuator for reduction of the 
power consumption of an optical transmission device. 

[01 17] Drawjng_24 is an example of composition for explaining the 6th principle of the optical variable attenuator 
concerning this invention. Drawing which looked at (A) to the external view and looked at (B) in the direction of a, and 
(C) are drawings seen in the direction of b. However, in drawing 24 , in order to simplify explanation, only the 
Faraday-rotation child has indicated and the polarizer and the analyzer are omitted. 

[01 18] The Faraday-rotation child who shows drawing 24 consists of Faraday cell 130, an electromagnet 132 which 
has a yoke 134 and a coil 136, and a permanent magnet 138. The yoke 134 and permanent magnet 138 of an 
electromagnet 132 have constituted the ring configuration (for example, horseshoe shape) which has a gap. Faraday 
cell 130 is formed in the gap of a yoke 134. An electromagnet 132 impresses a magnetic field in the direction 
perpendicular to a light beam 140, and the permanent magnet 138 is impressing the magnetic field to Faraday cell 130 
in the direction of a light beam 140 at Faraday cell 130. 

[01 19] Especially (C) of drawingJM shows signs that the optical variable attenuator is contained by the case 142. In 
this drawing, the direction of the gap of an electromagnet 132 is arranged in the height direction of a case 142. 
therefore, the light beam 140 ~ the height of a case 142 ~ it can be mostly located in the middle 
[0120] As mentioned above, it is desirable for the height of an optical device to be low by the reasons of mounting. 
Since the yoke of an electromagnet has a ring-like form in the case of the optical variable attenuator, this diameter 
influences the height of an optical variable attenuator greatly. Specifically, it is desirable on an interface with the 
exterior to set up the position of a light beam in the middle of the height of an optical variable attenuator. In the 
conventional optical variable attenuator shown in drawing 29 , the space which is equivalent to the diameter of a ring- 
like yoke, respectively is required for light beam a top and the bottom, and the height of an optical variable attenuator 
becomes large. However, what is necessary is just to secure the space which is equivalent to the radius of a ring-like 
yoke, respectively to light beam 140 a top and the bottom in the example of composition of an optical variable 
attenuator shown in drawing 24 . Therefore, the height of an optical variable attenuator can be made low. 
[0121] At (B) of drawing 24 , a permanent magnet 138 has a horseshoe-shaped configuration, and in the range which 
does not interrupt a light beam 140, proximity installation is carried out so that it may be inserted into Faraday cell 1 30. 
Moreover, it is shown that the point of the yoke of a permanent magnet 138 is thin. By the above-mentioned 
composition, the magnetic field of a permanent magnet 138 can be efficiently impressed to Faraday cell 130 compared 
with the conventional optical variable attenuator shown in drawin g 29 . Therefore, a permanent magnet 138 can 
prevent revealing a magnetic field outside, and the influence on an electromagnet can also reduce it. Thereby, it can 
prevent control of an electromagnet becoming complicated. Furthermore, the magnetism of a permanent magnet 138 
can be reduced in this case. 

[0122] Furthermore, as shown in (A) of drawing 24 , the yoke 134 of an electromagnet 132 contains the half-hard 
magnetic substance 144 in the portion near a gap. In the conventional optical variable attenuator shown in drawing 29 , 
since all yokes are formed with the elasticity magnetic substance, in order to supply a magnetic field, it is always 
necessary to supply current to an electromagnet. If the half-hard magnetic substance is used for the yoke of an 
electromagnet as shown in drawing 24 , a yoke is magnetized by impression of a pulse current, and the magnetization 
wdl be held even if it stops supply of current. Therefore, the power consumption of an optical variable attenuator can 
be reduced. In this case, it is not necessary to constitute the whole yoke from the half-hard magnetic substance, and the 
effect is acquired also by preparing the half-hard magnetic substance partially into a yoke, as shown in drawing 24 (A). 

[0123] However, the half-hard magnetic substance is difficult for a big hysteresis characteristic being shown and 
obtaining stable magnetization in an unsaturation field, although the stable magnetization is obtained in a saturation 
region. Therefore, control on the intermediate-stage story of a magnetic field is difficult. In order to solve this problem, 
the composition shown in drawjng25 can be considered. Drawing 25 is drawing showing the composition of the 
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electromagnet used for the optical variable attenuator concerning this invention. 

[0124] With this electromagnet, two or more half-hard magnetic substance 144a-144e with which the magnetism in 
each saturation region differs partially is formed into the yoke of an electromagnet. Moreover, in each half-hard 
magnetic substance, the coil is prepared individually, and each ****** magnetic substance can be driven by the 
saturation region in independent to it. Therefore, by carrying out ON/OFF control of the current supplied to these coils, 
only the desired half-hard magnetic substance can be operated and the magnetic field gradually generated with an 
electromagnet can be set up stably. 

[0125] Next, the 7th principle of the optical variable attenuator concerning this invention is explained. In the optical 
variable attenuator using the wedge-like birefringence crystal, as the conventional optical variable attenuator of 
drawing 30 explained, slight polarization dependency loss (PDL) occurs. The optical variable attenuator concerning 
this invention reduces this polarization dependency loss further. 

[0126] Drawing 26 is an example of composition for explaining the 7th principle of the optical variable attenuator 
concerning this invention. (A) is a plan and (B) is a side elevation. Drawing 27 is drawing showing the direction 
pattern of the bias magnetic field for explaining the 7th principle of the optical variable attenuator concerning this 
invention. (A) is the case where (B) impresses a bias magnetic field to a refraction flat surface and parallel, when 
impressing a bias magnetic field at right angles to a refraction flat surface. 

[0127] The bias magnetic field 154 for the optical variable attenuator shown in drawing 26 simplifying the magnetic 
domain of Faraday cell 150 compared with the optical variable attenuator shown in drawing 30 is shown. This bias 
magnetic field 154 is perpendicularly impressed to Faraday cell 150 to a light beam. The magnet 152 for generating the 
bias magnetic field 1 54 is shown in (B) of drawin g 26 , and is omitted by (A). Moreover, in fact, in order to generate 
Faraday rotation, a magnetic field parallel to a light beam is also impressed to Faraday cell 1 50. However, in these 
drawings, in order to simplify explanation, illustration of a magnetic field parallel to a light beam is omitted. Other 
composition is the same as the optical variable attenuator shown in dra wing 30 , and gives the same reference number 
to the element which has the same function. 

[0128] In the optical variable attenuator of drawing 26 , the birefringence of the light beam is carried out in 
birefringence crystal 8a, and it is changed into the light beam which has the component of Tsunemitsu from whom the 
degree of angle of refraction differs, and unusual light. In Faraday cell 150, the bias magnetic field 154 is supplied to 
Tsunemitsu and unusual light. This bias magnetic field 1 54 is perpendicularly impressed to the flat surface (a refraction 
flat surface is called) which consists of Tsunemitsu 156 and unusual light 158. This situation is shown in (A) of 
drawin g_27 . Therefore, the bias magnetic field 154 of the size with same Tsunemitsu 156 and unusual light 158 is 
impressed. 

[0129] On the other hand, as shown in (B) of drawin g 27 , a bias magnetic field can also be impressed in parallel to a 
refraction flat surface. However, a bias magnetic field is substantially impressed perpendicularly to a light beam. In 
this case, since Tsunemitsu 156 and the unusual light 158 have different angle of refraction, the bias magnetic fields 
impressed to each light differ slightly. It is considered by the difference of the size of this magnetic field for 
polarization dependency loss to occur. 

[0130] Therefore, as shown in drawing 26 or drawing 27 (A), polarization dependency loss can be reduced by 
impressing a bias magnetic field to a refraction flat surface perpendicularly substantially. In the optical variable 
attenuator concerning this invention mentioned above in this specification, since control of the magnitude of 
attenuation is performed using two kinds of magnetic circuits, a possibility that the magnetic field of a magnetic circuit 
may be revealed is in the exterior of an optical variable attenuator. Especially the magnetic field of a permanent 
magnet is strong, and its influence on the exterior is large. In order to make this influence mitigate, the method of 
preparing a yoke in a permanent magnet as well as an electromagnet, or carrying out magnetic shielding of the case to 
it is effective. 

[01 3 1] As mentioned above, although the example of this invention explained, this invention is not limited to these 
examples and it cannot be overemphasized that improvement and deformation are possible within the limits of this 
invention. 
[0132] 

[Effect of the Invention] As mentioned above, according to this invention, it has the effect taken below. In the optical 
variable attenuator given in any 1 term, the polarization direction of the aforementioned analyzer is substantially set as 
the rectangular state with the polarization direction of the aforementioned light beam in case there is no rotation of the 
polarization direction in the aforementioned magneto optics crystal a claim 1 or among 3 . 
[0133] In this case, when a Faraday-rotation angle is large, the variation of a Faraday-rotation angle to change of 
wavelength is also large. However, since the variation of the magnitude of attenuation to change of a Faraday-rotation 
angle is small, the variation of the magnitude of attenuation to change of wavelength can be reduced. Moreover, when 
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a Faraday-rotation angle is small, the variation of a Faraday-rotation angle to change of wavelength is also small. 
Therefore, in this case, although the variation of the receiving magnitude of attenuation to change of a Faraday-rotation 
angle is large, the variation of the magnitude of attenuation to change of wavelength can be reduced. 
[0134] Therefore, the wavelength dependency of the magnitude of attenuation can be reduced in a **** variable 
attenuator. Moreover, the temperature dependence of the magnitude of attenuation can be reduced similarly. In the 
optical variable attenuator given in any 1 term, the magnetic field generated with the permanent magnet or its part is 
always impressed to a light beam and parallel at the magneto optics crystal a claim 4 or among 6. Therefore, in a **** 
variable attenuator, even if the current impressed to a magnetic circuit will not flow by failure etc., a light beam can be 
penetrated. Consequently, the influence which it has on operation of transmission equipment can be reduced. 
Furthermore, wavelength and temperature dependence can also be reduced. 

[0135] Especially, at an optical variable attenuator according to claim 5, an above-mentioned effect can be acquired 
with simpler composition. In an optical variable attenuator given in any 1 term, a magneto optics crystal (Faraday cell) 
can be inserted without a crevice into the gap of a yoke a claim 7 or among 10. Therefore, the magnetic field generated 
in the yoke can be efficiently supplied to a magneto optics crystal, without leaking outside, consequently can impress 
uniformly a magnetic field strong against a magneto optics crystal. Therefore, the current supplied at a magnetic circuit 
compared with composition with a crevice between a magneto optics crystal and a yoke can be reduced, and the drive 
power of a magnetic circuit can be reduced. 

[0136] Especially, in an optical variable attenuator according to claim 8, by preparing the coil near the magneto optics 
crystal, the influence of the magnetic reluctance in a yoke is reduced, and the magnetic field efficiently generated in the 
yoke can be supplied to a magneto optics crystal. Therefore, the drive power of an electromagnet can be reduced more. 
Furthermore, since the height by the side of the loop of a yoke can be made low, the height of an optical variable 
attenuator can also be made low, consequently the ease of mounting improves. 

[0137] Moreover, in an optical variable attenuator according to claim 9 or 10, the interval of the gap of a yoke can be 
narrowed to about 200 micrometers. Therefore, the magnetic field generated in the yoke can be efficiently impressed to 
a Faraday cell, and drive power can be reduced further. 

[0138] In light amplifier according to claim 1 1 or 12 and an optical variable attenuator according to claim 13, the 
wavelength dependency of the magnitude of attenuation can be arbitrarily set up by adjusting the polarization direction 
of an analyzer, the polarization direction of a lightwave signal, and a magneto optics crystal. Therefore, the wavelength 
dependency of the gain of a light amplifier can be reduced without using the light filter for gain equalization. 
Moreover, in a **** variable attenuator, a wavelength dependency is greatly made, so that the magnitude of 
attenuation is large. Therefore, the wavelength dependency of the gain of a light amplifier when the upper limit of 
optical-pumping power is small is cancellable good. Therefore, the power of the excitation light of optical fiber 
amplifier can be set up small, and the miniaturization of optical fiber amplifier and low-power-ization are attained. 
[0139] A claim 14 or among 16, it is controlled, or it is controlled so that a ratio with the output power of the optical 
variable attenuator which carried out the monitor by the power and the output side electric eye of the light beam which 
carried out the monitor by the input-side electric eye becomes a predetermined value so that the output-power power of 
the optical variable attenuator which carried out the monitor by the output side electric eye in the optical variable 
attenuator given in any 1 term becomes a predetermined value. Therefore, amendment of the temperature characteristic 
of the magnitude of attenuation of an optical variable attenuator, degradation with the passage of time, polarization loss 
change, etc. is attained. 

[0140] What is necessary is just to secure the space which is equivalent to the radius of a ring-like yoke, respectively to 
light beam a top and the bottom in an optical variable attenuator according to claim 17, if a magnetic circuit is 
constituted from a ring-like yoke. Therefore, the height of an optical variable attenuator can be made low. 
[0141] In an optical variable attenuator according to claim 18 or 19, the magnetic field of a magnetic circuit can be 
efficiently impressed to a magneto optics crystal. Therefore, a magnetic circuit can prevent revealing a magnetic field 
outside, and can also reduce the influence of the magnet on others. In an optical variable attenuator according to claim 
20, a yoke contains the half-hard magnetic substance in part at least. Therefore, a yoke is magnetized by impression of 
a pulse current, and the magnetization is held even if it stops supply of current. Therefore, the power consumption of 
an optical variable attenuator can be reduced. 

[0142] In an optical variable attenuator according to claim 21, the magnetic field generated with an electromagnet can 
be stably set up gradually by controlling two or more half-hard magnetic substance with which magnetization differs. 
In an optical variable attenuator according to claim 22, the bias magnetic field for simplifying the magnetic domain of 
a magneto optics crystal is substantially impressed perpendicularly by the refraction flat surface. Thereby, polarization 
dependency loss can be reduced. 



Page 18 of 18 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



40 




[Drawin g 2] 



(A) oar k« 

C P , Atf ¥fr) 



FR 



I • * »> 



(B) 4 5 

(P.AW45K) 



(C) 9 0 



g 




II 







2/L 



{Drawing_3] 



§ 

c 

< 



■ 


— r i 'i 




I ■ » 


— i — i — r~. 

■ 


Insertion Letts 1 4B 
Max. Altonuatlorts3S dB 




i — ft — i 

11 * 

f 1 41 


• 




* 


- - 


/V * 
f 1 ■ 

J \ 


• 
• 








# \ ** 


| n 11 

t 

1 










• 








* 
* 










TTTT 


t « 
JUL! . 


• it! 


lit 


Ilk 





20 40 60 80 
Control Angle (tfeg) 



100 



[Drawing^] 



4 5«H«cw»^7r^r-Ei^tc*tr€aa*Dfi-jre* 



40 

35 

| 30 

c 25 
o 

3 20 

3 

to 
n 

< 10 
5 
0 



! r 










• 
- 


■ 

: j 


Insertion Lo»*» 1 dB 
Max. Atl«jtuatlon«3S c 


B 






f i ■ 

1 I m 

fli 

1 M 


* 












: 
• 

* 






















■ 

m 












■ 

: 

i : 


111! 










« 


i-r-j 


l-i-L-i-D 


■ • ■ 


i i i 




. 

- 



-40 -20 0 20 
Control Angle (dag) 



40 



[Drawing 5] 

9 0S^CDi*^7T5x-[a^!-W«»««ff»tt* 



35 

I 30 

c 25 
o 

* 20 

c 15 
o 



5 
0 



CTTT-l — lit" 


1 1 1 T" 1 




' ' ' : 

a 






Intertlon Lossa 1 dB 
Max. Mtantntioito3S dB 


" — ' 


• 




! 










* 
■ 




















: 










m 
m 


■ 








m 


■ 

l — l — I — L_J 




J 1 i — 


—J 1 1 





20 40 60 80 100 
Control Angle (deg) 



[Drawing 6] 

7 7 9 ^- BIBB 0>£4b*± flO*3EOT*9«#ei 




[Drawing,?] 




(gp) uotiwiuawv 



[Drawing 8] 




Page 4 of 1 5 




0 

i 

e 
< 

? 

a 



1 1 ■ I. 




m 


If/ X ^ 


; 1 




< 

■ r 

M 


a/ / * * 


3E 

* »/i 


i - 




• 


* /If / 1 


- 







o 

to 
lO 

»<• 

3 

to 

s 5 

o ^ 

51 

8 



to 



(OP) UORPtASQ 




OWO«rtOWOW 

tt r> o <s t- r- 



[Drawing 12] 




10 42 

20 

[Drawing 13] 



100% 



re* 



FR (SKA -90 



aam 0% 



FR @M0° 



5 



t 
P 



FR 



10 



mm 

(trSai 
W. : JI*fi 



NSOJ 

ayflttiaaSi /\ , 




60 



62 



^64 a -fa- 




[Drawing 10] 




(BP) U0|)B|Jiaa 



■« 


in. 




1 1 ? 1 








1 




4 


| 
































\t 





































































— 

: 
• 


— 



































o 

HI 



m 
w 
tn 



u> 



m 



otnowOtflOio 
v n r> cm cj »- •r- 

(Qp) uon&nu9UV 



10 



> 

5 



[Drawing 1 1 ] 




c 
© 

E 
© 
en 
c 
w 



mr 
m 

to 

1 



.a 



» L 
o . 



M ii mi i mf l MiHI T m rrii m 1 



uu 



JtA, 



o 




O U> O U> O trt O 
■<r o C> CM N *- "~ 



(flp) uojieniwuv 



[ Drawing 14 ] 



aa$ ioo% 



<=o 



t •;*fl©««Hiftrtr-4 5 0 Hte 



aaae0% 




10 



FR SGft-4 5' 



fr seflo 0 



5 P a-* FR 



N S 



22 



30 



p^64 a* 

s ^^^^ 



GO 
62 

A- 

i 



[Drawing_15] 



® 1 4 KK?%*i&w&m®®%.n 




[Drawing 1 8] 




[Drawing 30] 



Page 8 of 15 





[DiiwingJ6] 

60 




' 5 

[Brawmg„17j 



(A) ttiLfr&AfcffiSBk (B) tt**&jtfc«ffiH 





[Drawing 2 1 ] 



c 

o 

<5 

C 

< 



40 

35 
30 
25 
20 
15 
10 



,1111 


4 

■II III | ■ III 




Max. i 


m=35 


■ • ■ t 

dB 


- 












I ■ 




























































-1 1 I I 


1 1 1 I 


1 1 1 1 , 




.1 . . . 


i i i i - 



1530 1535 1540 1545 1550 1555 1560 

Wavelength (nrn) 

[Drawing 25] 




[Drawi ng 20] 




[Drawing 24] 



| ^132 «ms 




138 **a^ 

(A) 




(B) 

134 




®*I42 



(C) 

[Drawing 27] 






[Drawing 22] 



jfcATT 




[Drawin g 3 1 ] 



*S H £ 7 t 5 9 - £ (DMA 




T«mtor A = A , T1 <T2 



T=T2T>or A = /I , A1 <J2 



[Drawing 23] 



si 2 2 icwTymmm%(o%3im 



jfeATT 




[Drawing 26] 



6 a 




(A) ±ffiB 



6 b 



Page 15 of 15 



6 a 























1 — 


— _ 



7 b 



S b 



1 



154 'UTZim 



(B) 



[Drawing 28] 



o 



OS 1 



0S2 A, 

T — 



0Sn A. 

T 



A-MUX 



A-DEMUX 



Optical frequency 
controller 



Optical frequency 
standard 



o 



OPTICAL 
FIBER 




Optical 
Aoplif ier 



») Tunable optical 
receiver 



[Translation done.] 



Page 1 of 7 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CORRECTION or AMENDMENT 



[Official Gazette Type] Printing of amendment by the convention of 2 of Article 1 7 of patent law. 
[Section partition] The 2nd partition of the 6th section. 
[Date of issue] February 13, Heisei 15 (2003. 2.13) 



[Publication No.] JP,9-236784,A. 

[Date of Publication] September 9, Heisei 9 (1997. 9.9) 

[**** format] Open patent official report 9-2368. 

[Filing Number] Japanese Patent Application No. 8-4523 1 . 

[The 7th edition of International Patent Classification] 

G02F 1/09 505 

1/35 501 

H04B 10/152 

10/142 

10/04 

10/06 



[FI] 

G02F 1/09 505 

1/35 501 

H04B 9/00 L 



[Procedure revision] 

[Filing Date] November 12, Heisei 14 (2002. 1 1.12) 

[Procedure amendment 1 ] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] Claim. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
It is the optical variable attenuator which has the analyzer which passes the light beam which passed the 
aforementioned magneto optics crystal according to the polarization direction, and is characterized by setting the 
polarization direction of the aforementioned analyzer as a rectangular state substantially with the polarization direction 
of the aforementioned light beam in case there is no rotation of the polarization direction in the aforementioned 
magneto optics crystal. 

[Claim 2] It is the optical variable attenuator according to claim 1 which has further the polarizer which generates the 
aforementioned light beam, and is characterized by setting the polarization direction of the aforementioned analyzer as 
a rectangular state as substantially as the polarization direction of the aforementioned polarizer. 
[Claim 3] The polarization direction of the aforementioned analyzer and the polarization direction of the 
aforementioned light beam in case there is no rotation of the polarization direction in the aforementioned magneto 
optics crystal are an optical variable attenuator according to claim 1 or 2 characterized by being set up at the angle of 
**30 degrees 80 degrees. 
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[Claim 4] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
The magnetic circuit which generates electrically the magnetic field for being impressed by the aforementioned 
magneto optics crystal, 

It is the optical variable attenuator characterized by it being prepared in either the interior of the aforementioned 
magnetic circuit, or near, and having the permanent magnet which generates the magnetic field electrically generated 
in the aforementioned magnetic circuit, and the bias magnetic field substantially impressed to the aforementioned 
magneto optics crystal in parallel, impressing a magnetic field to the aforementioned magneto optics crystal even when 
the magnetic field electrically generated in the aforementioned magnetic circuit is lost, and penetrating a part of 
aforementioned light beam [ at least ]. 

[Claim 5] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
The magnetic circuit which generates electrically the magnetic field for being impressed by the aforementioned 
magneto optics crystal, 

It is the optical variable attenuator characterized by having the permanent magnet which generates the bias magnetic 
field impressed to the aforementioned magneto optics crystal at an angle smaller than 90 degrees, impressing a 
magnetic field to the aforementioned magneto optics crystal even when the magnetic field generated electrically at the 
aforementioned magnetic circuit is lost, and penetrating a part of aforementioned light beam [ at least ] as substantially 
as the magnetic field electrically generated in the aforementioned magnetic circuit. 

[Claim 6] It is the optical variable attenuator according to claim 4 or 5 which has further the analyzer which passes the 
light beam which passed the aforementioned magneto optics crystal according to the polarization direction, and is 
characterized by setting the polarization direction of the aforementioned analyzer as a rectangular state substantially 
with the polarization direction of the aforementioned light beam in case there is no rotation of the polarization direction 
in the aforementioned magneto optics crystal. 

[Claim 7] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
The optical variable attenuator characterized by impressing efficiently the magnetic field which generated the magnetic 
field for being impressed by the aforementioned magneto optics crystal, has the magnetic circuit which has the yoke 
with which the aforementioned magneto optics crystal was inserted in the internal gap, and was generated in the yoke 
of the aforementioned magnetic circuit to the aforementioned magneto optics crystal. 

[Claim 8] The aforementioned magnetic circuit is an optical variable attenuator according to claim 7 characterized by 
having fttrther at least one coil for being prepared near the gap of the aforementioned yoke and making the 
aforementioned gap generate a magnetic field electrically. 

[Claim 9] The optical variable attenuator according to claim 7 which it has further the 1 st lens for converging the 
aforementioned light beam and carrying out incidence to the aforementioned magneto optics crystal, and the interval of 
the gap of the aforementioned yoke is narrowed according to the size of the light beam which it converged with the 1st 
lens of the above, and is characterized by impressing efficiently the magnetic field generated about this gap to the 
aforementioned magneto optics crystal. 

[Claim 1 0] The optical variable attenuator according to claim 9 characterized by including the 2nd lens for setting the 

light beam by which convergence was carried out [ aforementioned ] as a predetermined size after the light beam by 

which convergence was carried out [ aforementioned ] passes the aforementioned magneto optics crystal. 

[Claim 1 1] It is the light amplifier which amplifies the lightwave signal which has a predetermined wavelength-range 

region. 

The light amplifier which has a gain property with a wavelength dependency, 

It is the light amplifier characterized by reducing the aforementioned wavelength dependency of the gain in the 
aforementioned light amplifier while decreasing this lightwave signal in adjustable using rotation of the polarization 
direction of the lightwave signal in a magneto optics crystal, a damping property's having the aforementioned 
wavelength dependency of the gain in the aforementioned light amplifier, and the optical variable attenuator which has 
a reverse wavelength dependency substantially and the aforementioned lightwave signal's declining in the 
aforementioned optical variable attenuator. 
[Claim 12] The aforementioned optical variable attenuator, 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned lightwave 
signal, 

It is the light amplifier according to claim 1 1 which has the analyzer which passes the lightwave signal which passed 
the aforementioned magneto optics crystal according to the polarization direction, and is characterized by setting up the 
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polarization direction of the aforementioned analyzer, the polarization direction of the aforementioned lightwave 
signal, and the aforementioned magneto optics crystal so that the wavelength dependency of the aforementioned 
reverse may be substantially acquired in the predetermined magnitude of attenuation. 

[Claim 13] It is an optical variable attenuator for connecting with a light amplifier, and reducing the wavelength 

dependency of the gain in the aforementioned light amplifier, and decreasing a lightwave signal. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned lightwave 

signal, 

It is the optical variable attenuator which has the analyzer which passes the lightwave signal which passed the 
aforementioned magneto optics crystal according to the polarization direction, and is characterized by setting up the 
polarization direction of the aforementioned analyzer, the polarization direction of the aforementioned lightwave 
signal, and the aforementioned magneto optics crystal so that a reverse wavelength dependency may be substantially 
acquired with the wavelength dependency of the gain of the aforementioned light amplifier in the predetermined 
magnitude of attenuation. 

[Claim 14] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
The analyzer which leads a part of light beam [ at least ] which passed the aforementioned magneto optics crystal to the 
output of the aforementioned optical variable attenuator, 

The optical variable attenuator characterized by controlling the polarization direction of the aforementioned light beam 
in the aforementioned magneto optics crystal so that it may have the output side electric eye which branches a part of 
output light of the aforementioned optical variable attenuator, and carries out the monitor of the output power and the 
output power of the aforementioned optical variable attenuator which carried out the monitor by the aforementioned 
output side electric eye may become a predetermined value. 

[Claim 15] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
The analyzer which leads a part of light beam [ at least ] which passed the aforementioned magneto optics crystal to the 
output of the aforementioned optical variable attenuator, 

The input-side electric eye which carries out the monitor of the input control power of the light beam inputted into the 
aforementioned magneto optics crystal, 

The optical variable attenuator characterized by controlling the polarization direction of the aforementioned light beam 
in the aforementioned magneto optics crystal so that it may have the output side electric eye which carries out the 
monitor of the output power of the aforementioned optical variable attenuator and a ratio with the output power of the 
aforementioned optical variable attenuator which carried out the monitor by the input control power and the 
aforementioned output side electric eye of the aforementioned light beam which carried out the monitor by the 
aforementioned input-side electric eye may become a predetermined value. 

[Claim 16] the aforementioned analyzer -- a birefringence crystal - containing » the aforementioned analyzer **** « 
the optical variable attenuator according to claim 14 or 15 characterized by having further the aperture which leads a 
part of light beam by which the separation chip box was carried out in polarization to the aforementioned output side 
electric eye 

[Claim 1 7] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
The magnetic circuit which generates the magnetic field for being impressed by the aforementioned magneto optics 
crystal about an internal gap, 

It is the optical variable attenuator which has a case for holding the aforementioned magneto optics crystal and the 
aforementioned magnetic circuit, and mounting in a substrate, and is characterized by mounting the aforementioned 
magnetic circuit in a case so that the direction of the aforementioned gap may be the height direction of the 
aforementioned case substantially. 

[Claim 18] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
The optical variable attenuator characterized by having the aforementioned magnetic circuit which is close so that the 
aforementioned point may sandwich the aforementioned magneto optics crystal including the yoke of a horseshoe 
shape configuration with which it is the magnetic circuit which generates the magnetic field for being approached and 
put on the aforementioned magneto optics crystal, and being impressed by the aforementioned magneto optics crystal, 
and the front point is thinner than other portions. 

[Claim 19] It is the optical variable attenuator according to claim 18 which the aforementioned magnetic circuit 
consists of permanent magnets, and has further the electromagnet which generates electrically the magnetic field for 



Page 4 of 7 

being approached and put on the aforementioned magneto optics crystal, and being impressed by the aforementioned 
magneto optics crystal, and is characterized by the point of the yoke of the aforementioned permanent magnet being 
close from the aforementioned electromagnet with the aforementioned magneto optics crystal. 
[Claim 20] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
It is the optical variable attenuator characterized by maintaining the aforementioned magnetic field even if it has the 
yoke which contains the half-hard magnetic substance in part at least, it has the magnetic circuit which generates 
electrically the magnetic field for being impressed by the aforementioned magneto optics crystal by drive current and 
supply of the aforementioned drive current stops. 

[Claim 21] The aforementioned yoke is an optical variable attenuator according to claim 20 characterized by the ability 
to change gradually the size of the magnetic field generated in the aforementioned magnetic circuit by having partially 
two or more half-hard magnetic substance with which the magnetization in a saturation state differs, and controlling 
magnetization for every aforementioned half hard magnetic substance. 
[Claim 22] It is the optical variable attenuator which decreases the power of a light beam. 

The 1st wedge-like birefringence crystal which performs polarization separation of the aforementioned light beam, 
The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam 
where polarization was separated as the wedge-like birefringence crystal of the above 1st, 
The magnetic circuit which generates the magnetic field for being substantially impressed by the aforementioned 
magneto optics crystal perpendicularly with the aforementioned light beam, 

The optical variable attenuator characterized by impressing the magnetic field of the aforementioned magnetic circuit 
to the flat surface which consists of aforementioned light beams from which it has the 2nd wedge-like birefringence 
crystal to which the birefringence of the light beam outputted from the aforementioned magneto optics crystal is 
carried out, and polarization was separated as the wedge-like birefringence crystal of the above 1st perpendicularly 
substantially at the aforementioned magneto optics crystal. 

[Claim 23] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
The magnetic circuit which generates electrically the magnetic field for being impressed by the aforementioned 
magneto optics crystal in parallel to the optical path of the aforementioned light beam, 

It is prepared in either the interior of the aforementioned magnetic circuit, or near, and has the permanent magnet 
which generates the magnetic field electrically generated in the aforementioned magnetic circuit, and the bias magnetic 
field substantially impressed to the aforementioned magneto optics crystal perpendicularly. Rotation is given in the 
polarization direction of the light beam which penetrates the aforementioned magneto optics crystal by the magnetic 
field by which the magnetic field generated by the aforementioned magnetic circuit and the magnetic field generated 
with the aforementioned permanent magnet were compounded. The optical variable attenuator characterized by not 
giving rotation in the polarization direction of the light which penetrates the aforementioned magneto optics crystal 
even when the magnetic field electrically generated in the aforementioned magnetic circuit is lost. 
[Claim 24] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
The magnetic circuit which generates electrically the magnetic field for impressing in the direction which intersects 
perpendicularly to the optical path of the aforementioned light beam at the aforementioned magneto optics crystal, 
Are prepared in either the interior of the aforementioned magnetic circuit, or near, and to the aforementioned optical 
path, it is parallel and has the permanent magnet which generates the bias magnetic field impressed to the 
aforementioned magneto optics crystal so that it may become perpendicular substantially with the magnetic field 
electrically generated in the aforementioned magnetic circuit. Rotation is given in the polarization direction of the light 
beam which penetrates the aforementioned magneto optics crystal by the magnetic field by which the magnetic field 
generated by the aforementioned magnetic circuit and the magnetic field generated with the aforementioned permanent 
magnet were compounded. The optical variable attenuator characterized by giving rotation in the polarization direction 
of the light which penetrates the aforementioned magneto optics crystal even when the magnetic field electrically 
generated in the aforementioned magnetic circuit is lost. 

[Claim 25] It is the optical variable attenuator which decreases the power of a light beam. 

The magneto optics crystal which makes adjustable rotate the polarization direction of the aforementioned light beam, 
The magnetic circuit which consists of the yoke and coil which generate electrically the magnetic field for being 
impressed by the aforementioned magneto optics crystal in parallel to the optical path of the aforementioned light 
beam, 

It is included in the aforementioned yoke, or is prepared near the yoke, and has the permanent magnet which generates 
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the bias magnetic field impressed to the aforementioned magneto optics crystal in parallel to the aforementioned 
optical path. 

The aforementioned magnetic circuit is an optical variable attenuator characterized by passing current in the 

aforementioned coil and forming a magnetic field which negates the aforementioned bias magnetic field. 

[Procedure amendment 2] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0039. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[0039] The 1st wedge-like birefringence crystal to which it is the optical variable attenuator which decreases the power 
of a light beam, and the birefringence of the aforementioned light beam is carried out with invention equipment 
according to claim 22, The magneto optics crystal which makes adjustable rotate the polarization direction of the 
aforementioned light beam where polarization was separated as the wedge-like birefringence crystal of the above 1 st, 
The magnetic circuit which generates the magnetic field for being substantially impressed by the aforementioned 
magneto optics crystal perpendicularly with the aforementioned light beam, It has the 2nd wedge-like birefringence 
crystal to which the birefringence of the light beam outputted from the aforementioned magneto optics crystal is 
carried out. It is characterized by impressing the magnetic field of the aforementioned magnetic circuit to the flat 
surface which consists of aforementioned light beams from which polarization was separated as the wedge-like 
birefringence crystal of the above 1st perpendicularly substantially at the aforementioned magneto optics crystal. The 
magneto optics crystal which it is [ magneto optics crystal ] the optical variable attenuator which decreases the power 
of a light beam, and makes adjustable rotate the polarization direction of the aforementioned light beam with invention 
equipment according to claim 23, The magnetic circuit which generates electrically the magnetic field for being 
impressed by the aforementioned magneto optics crystal in parallel to the optical path of the aforementioned light 
beam, It is prepared in either the interior of the aforementioned magnetic circuit, or near, and has the permanent 
magnet which generates the magnetic field electrically generated in the aforementioned magnetic circuit, and the bias 
magnetic field substantially impressed to the aforementioned magneto optics crystal perpendicularly. Rotation is given 
in the polarization direction of the light beam which penetrates the aforementioned magneto optics crystal by the 
magnetic field by which the magnetic field generated by the aforementioned magnetic circuit and the magnetic field 
generated with the aforementioned permanent magnet were compounded. Even when the magnetic field electrically 
generated in the aforementioned magnetic circuit is lost, it is characterized by not giving rotation in the polarization 
direction of the light which penetrates the aforementioned magneto optics crystal. The magneto optics crystal which it 
is [ magneto optics crystal ] the optical variable attenuator which decreases the power of a light beam, and makes 
adjustable rotate the polarization direction of the aforementioned light beam with invention equipment according to 
claim 24, The magnetic circuit which generates electrically the magnetic field for impressing in the direction which 
intersects perpendicularly to the optical path of the aforementioned light beam at the aforementioned magneto optics 
crystal, Are prepared in either the interior of the aforementioned magnetic circuit, or near, and to the aforementioned 
optical path, it is parallel and has the permanent magnet which generates the bias magnetic field impressed to the 
aforementioned magneto optics crystal so that it may become perpendicular substantially with the magnetic field 
electrically generated in the aforementioned magnetic circuit. Rotation is given in the polarization direction of the light 
beam which penetrates the aforementioned magneto optics crystal by the magnetic field by which the magnetic field 
generated by the aforementioned magnetic circuit and the magnetic field generated with the aforementioned permanent 
magnet were compounded. Even when the magnetic field electrically generated in the aforementioned magnetic circuit 
is lost, it is characterized by giving rotation in the polarization direction of the light which penetrates the 
aforementioned magneto optics crystal. The magneto optics crystal which it is [ magneto optics crystal ] the optical 
variable attenuator which decreases the power of a light beam, and makes adjustable rotate the polarization direction of 
the aforementioned light beam with invention equipment according to claim 25, The magnetic circuit which consists of 
the yoke and coil which generate electrically the magnetic field for being impressed by the aforementioned magneto 
optics crystal in parallel to the optical path of the aforementioned light beam, It is included in the aforementioned yoke, 
or is prepared near the yoke, and has the permanent magnet which generates the bias magnetic field impressed to the 
aforementioned magneto optics crystal in parallel to the aforementioned optical path, the aforementioned magnetic 
circuit It is characterized by passing current in the aforementioned coil and forming a magnetic field which negates the 
aforementioned bias magnetic field. 
[Procedure amendment 3] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0016. 
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[Method of Amendment] Change. 
[Proposed Amendment] 

[0016] Moreover, in the 2nd example of composition of the conventional optical variable attenuator shown in drawing 
30, the loss (Polarization Dependent Loss:PDL) by few polarization dependencies has still arisen. In view of the above- 
mentioned trouble, the purpose of this invention reduces the temperature dependence, the wavelength dependency, and 
drive current of the magnitude of attenuation, and provides an optical transmission device with the small optical 
variable attenuator using the applicable magneto optics crystal easily. 
[Procedure amendment 4] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0042. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0042] Therefore, the wavelength dependency of the magnitude of attenuation can be reduced in a **** variable 
attenuator. Moreover, the temperature dependence of the magnitude of attenuation can be reduced similarly. In the 
optical variable attenuator given in any 1 term, the magnetic field generated with the permanent magnet or its part is 
always impressed to a light beam and parallel at the magneto optics crystal a claim 4 or among 6. Therefore, in a **** 
variable attenuator, even if the current impressed to a magnetic circuit will not flow by failure etc., a light beam can be 
penetrated. Consequently, the influence which it has on operation of transmission equipment can be reduced. 
Furthermore, wavelength and temperature dependence can also be reduced. 
[Procedure amendment 5] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0047. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0047] A claim 14 or among 16, it is controlled, or it is controlled so that a ratio with the output power of the optical 
variable attenuator which carried out the monitor by the power and the output side electric eye of the light beam which 
carried out the monitor by the input-side electric eye becomes a predetermined value so that the output power of the 
optical variable attenuator which carried out the monitor by the output side electric eye in the optical variable 
attenuator given in any 1 term becomes a predetermined value. Therefore, amendment of the temperature characteristic 
of the magnitude of attenuation of an optical variable attenuator, degradation with the passage of time, polarization loss 
change, etc. is attained. 
[Procedure amendment 6] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0050. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0050] In an optical variable attenuator according to claim 21, the magnetic field generated with an electromagnet can 
be stably set up gradually by controlling two or more half-hard magnetic substance with which magnetization differs. 
In an optical variable attenuator according to claim 22, the bias magnetic field for simplifying the magnetic domain of 
a magneto optics crystal is substantially impressed perpendicularly by the refraction flat surface. Thereby, polarization 
dependency loss can be reduced. In a claim 23 and an optical variable attenuator given in 24, even if it is the case 
where the magnetic field electrically generated by setting up the direction of the bias magnetic field by the permanent 
magnet stops by failure etc. according to the polarization direction of an analyzer, a light beam can be penetrated. In 
the optical variable attenuator according to claim 25, a permanent magnet is built into a yoke or it is prepared near the 
yoke. Therefore, even if the current impressed to a coil stops by failure etc., the seal of approval of the magnetic field 
is carried out in parallel with a magneto optics crystal. Therefore, a light beam can be penetrated and wavelength and 
temperature dependence can also be reduced. 
[Procedure amendment 7] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0139. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0139] A claim 14 or among 16, it is controlled, or it is controlled so that a ratio with the output power of the optical 
variable attenuator which carried out the monitor by the power and the output side electric eye of the light beam which 
carried out the monitor by the input-side electric eye becomes a predetermined value so that the output power of the 
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optical variable attenuator which carried out the monitor by the output side electric eye in the optical variable 

attenuator given in any 1 term becomes a predetermined value. Therefore, amendment of the temperature characteristic 

of the magnitude of attenuation of an optical variable attenuator, degradation with the passage of time, polarization loss 

change, etc. is attained. 

[Procedure amendment 8] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0142. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[0142] In an optical variable attenuator according to claim 21, the magnetic field generated with an electromagnet can 
be stably set up gradually by controlling two or more half-hard magnetic substance with which magnetization differs. 
In an optical variable attenuator according to claim 22, the bias magnetic field for simplifying the magnetic domain of 
a magneto optics crystal is substantially impressed perpendicularly by the refraction flat surface. Thereby, polarization 
dependency loss can be reduced. In a claim 23 and an optical variable attenuator given in 24, even if it is the case 
where the magnetic field electrically generated by setting up the direction of the bias magnetic field by the permanent 
magnet stops by failure etc. according to the polarization direction of an analyzer, a light beam can be penetrated. In 
the optical variable attenuator according to claim 25, a permanent magnet is built into a yoke or it is prepared near the 
yoke. Therefore, even if the current impressed to a coil stops by failure etc., the seal of approval of the magnetic field 
is carried out in parallel with a magneto optics crystal. Therefore, a light beam can be penetrated and wavelength and 
temperature dependence can also be reduced. 
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4 5JK 


1/2 MS 






±1/2 


1/2 




$>K> 


9 0 St 




mm 




- 1 


1 







[0 0 6 7] 0 AWUBtZf 9 0 «B«<D«£\ AtBA# 

0 <DJ§-&«\ if^P>3b^A^LTt 3 d B 

[0 0 6 8] Ufc, B7^&B1 1 fc. fflft?i:tftJ£P 
©«fc#ia©fc£Mtf*n«T0Bfc> 4 5S, 7 0JS, 

■To (a) a, sstc^-r^ffi«coM^»o^{b 

«r^U *HO (B) ti. &gte#^SffiR<DW««<£> 
^ltl^ 0 (B) SSI 5 4 5 



nmTIESft^nTV^o 

[0 0 6 9] m7<vommwv&, 2 06 B&L±<omM 

^0 ntC^LT. 0 1 1 <D 9 OSBHSTii, 3 5 d Btt±© 

SSltfldBOf*. 7 7 7T-[H]g 
ft«**<^ ±1 5 nmOi&fi^Krtc^LT. 

777T- mKHc0^{b{i:. tt±2. 5S^^:^ 0 Lfr 
UBllO(B) T^^n^^atC fO^Oigi 

offli6«±o- o i d B«Twt), jteaso»f¥te» 
[0070] «pj«H«»*)teas««»c3iffl-rsfli 

— mmc, 0-2 0dB(DigI^<t<fi?tl 
50 §oiot, 0-20d B<E«£Sfi:*tr£ffiM*tf*K 
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±3 oasaoffiHrttcEB-rntf, ^±+^^5 

[0 0 7 1 ] fct, Hi tetetf S#^<03fcT^«g 

8 0i±3 0S"e$5cktfasu^ o 

[0 0 7 2] *«m§«\ H 1 fc^tlS/SfljOffilC. TtpJ 

9 ojg^-r^o 

[0 0 7 3] HI 2 fc^ftfffSfcBfcSfci, ££>{C. ^ 

ttMo 7 mffi4 2(^ f— :^tt©5*:**rr* 2 
£ Q *^«S4 2tCcfcsaaE^tt, 777f-i?2o 

til, ^^A5O7a[^^¥tTO7offp]^0]SD^n, HffiS 
5 5 7 7 7f-I?2 CHC, )t^-A5 

[0074] ofr^mtiiEntcMmmy&km-? 

£ft£-A5te, &4UK54 2C0^^LT^r^f : - 

77f-i?2 0 fiO»E*#-JCt5 < S^fc-hSWt 
£</\> fot, *4\fl£54 2 £«fig5 5 5 

fcT777f-i?2 0F*3T<DJfcl£— 

[0075] cojtwr^assTfi, 3^59^0 

fpj«^:#< yr^T— mi^U 777f*-[Higfl^9 0 

in-rsSSK^iS^-rsi:, ft if— A 5 (DjjfacDMit^l? 
F/W4MM>U 7r^y : -0iifcft&M / >^£o 777f 

5 5k©-&j«aaE»o^rift^ ftif— 2>5<D7jiRii:iiHW 
— isWEftkaaBiBtoiBflRtt. h 5 ic^-r hb^isict* 
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[0076] 7T^"f-mw$ft±%^£, i&momt 

[0 0 7 7] ^T^x— 

ot, ^r^x— lsI^E#s©g{kfcWt"S#•r 

&««S©SfkMa^;*;S?^*^ »S<7)^{kk:*tr£jSS 

[0 0 7 8] fcfc. *»W*ci«teS3tprs«««fc:*» 

[0 0 7 9] ±5«LftI«?i:*W6?09 OftEl^ 

£^ft^g«gS£>fflBE3C[sII& (*4UK54 oMli 
5 5 0) ©fl|j««>*&, 115 5 0C0rr^;l/5 4 £03*0 

^Msa^^&D, cnti7x-w-i'7ii^s 

[0 0 8 0] HI 3 fci\ *aWte«fc*3ttRl*8«l»0 
^2<DJSS^BiWrSfca&tOEITfeSo HI 3lc*crft 
nJ^MS^, im fc^ft^WKSfcJt^T. 3^ 

5 5 0 Wt)t)ictIE6 O^W^nti/^o S«5 

6 0(4, t1<M56 6 Wlt§3-^6 2 i:3^;l/6 

[0 0 8 1 ] H 1 3 Oftl^g«:g»-t?l±, ttfK56 0 ft 
<D*£UK56 6tCcfcoT, fttf— A5cD^fpJtC/^7X 

x-^2 0tC^t^)-7r^x-[Hl^^9 OgTfel) 

cfc-sjcR^^nrt^o ^^>tc, 3-r;i/6 4£«sfEJ&0i 

50 [0 0 8 2] CQ^pI^M^^C&^T, n^;b6 4^\ 
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AS^M^fRlfi^r^-r— ^2 0tc:te^T9 OSS 
1*0 «\ «bt J F3 0<O(IJto?lRl4:— »U ft*MMSl2§0 

[0 0 8 3] fet, *JtRl*W««-Ptt, *W^T?. 

*?2>££$>T*%%o Hl4tc. m 1 3 \C7K§rft^^MM 

Oft*) Die, ^O^OSS**tS7 77f-if 2 
8£56 0rt<D^\fi£56 6 0;W7XiKWc<fcoT, - 

3 0 Hi 3©3ttPl*JgM»i:rai;«fiB**f SBKStett 
[0 0 8 4] CC07^pJ^Ms#§Tii, «85 6 Ofc: BttP 

7f-0KW7^t)nSo C(Di:^ 3fil^y*j5 0% 

[0 0 8 5] — 75\ ft^riftfc:*itt*^aiS6 ofcu^p^ 
777T- m&fttefi;£[p]&cti*p*r£ 0 yr^f— 

6o^fflip-r««8fE^fltna<*oTfe, «tr-A^ 

[00 8 6] ±IB<OH 1 3 RZfm 1 4 oft pj^«s#§t* 
^ctmSo HI 5&c, Hi 4 tc^-TJtoiSWSES 

o^MEifcarro hi sfc^-rjtpjsjgasEB-ett, hi 

4tc^ft^i$^<hi£^T. ^fiS5 6 0 <DKt> K> ic 



20 



a. hi 4 03ttPi*«a[»kBii;"e*So hi 4oftnj 

[0 0 8 7] tu$OHl 4 a — ^ 

6 2 fttCtStf £ftfc3<^56 6t«fcoT/W7X«S 

Jtttr-AsfcTfTfcipAetiTi^So coj§£\ y 

^^wrxiw^^ h;i/^^n^^aasw^*p^ 
^>Wo hi 5fc^jtBiaw*«-ett. lomiw 

So 

[0088] -3 r, *msmmmit, <fc9ms&« 
i$x\ hi 4icttffiimwmm£mv&]%:%:m~?2>c 

£&T*Z2>o HI 4 fc^TftRjSiSg 

< H 1 3 O^R««««*dttflSO«ia«|fc: 

©a3ojHa»c:oi/^TWBB'r*o ft*MM^#s^stc 

SSffiO WSfi^ffiHB^- 5 »E5i ® K<D n - Y Me W Apt* £ 

[0089] Hi 6 *ftmi£&t>Zft*!&ffi$L9&<D 
MU®9&<DMj&mT*&%o Hi 6Tfc^ 3-*8 2M 
^;l/8 4T«^li6 8 0i:, 777 T^-fit^ 1 
50 2 0fc^nTt^o 777f-|?2 0(i, 3 — ^ 
8 2CD^>^7 P *^^r B m<^A^nTV^o fct, 

$S<7 7 7f~I?2 0fcft|&Tt, 77 

CO 0 9 0] H 1 7 H 1 6 fc^LfeJfcpiaattES© 
BBE«lHlBS©aMffll"T?*So (A) tt, ±^&MfcWfffi 
40 H, (B) tt, W^SMftKBHSS-ro Hi 7 <D?m 
*J*«igO««iaB"Ptt, H 1 6 tc^B^58 0 kib 
^T, n^;l/8 4CDf^t>Dtc, ^fij ^ n/*c 2 O(03^;b 
8 6-K 8 6-2tf, 777f-|?2 OOifi^tC® 

[00 9 1] 3^W777f-*f2 Ocoa^tC^tt 

i&miEti, $hm&<3-?T&^rzmn*yT^T-- 
m?2 oic&&?&££tfrz2>o ccDrnmck-ox 

50 2<0;b— ^{BiJOffi$«rfg<-e#S<DT% TtpI^MStlO 
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[0 0 9 2] m 1 7fc^-T)tPl^«SST^±. ffi 

W¥6-s 1255 r3tr^-r*-#j (cua^nr 

[0 0 9 3] £<Dtc&b, 3 — t?<D*rW7%:m&&mf 

>X©HUSrat* 0 . 7mmtCf-££: N nu*— h*n 
fclf— AlK&ttftC) 1 4 0 fim8*fc/>S<"e*So C <D 

[0 0 9 4] HI 8«\ ^WO^tRl^SSffiO^Oflfi 

2tl£ 0 ffiot, 777T- JR^fcfc^T* 3 — ^<£>^ 

0|imSSSTR<t§L^m§ o cfcot, 3 — ^ 
[0 0 9 5] #?8WK:«*>S^g«gS<DS4 

Jt7r>f/^w»t±, e r (x^i/if »>a) mmy 

7-4 /^tiSS (Erb i um-DopedF i berA 
mplifier:EDFA) tffi<ffiffl?tiT^* 0 
£ CD E D F A j^«Bfr6Bfi ftJ&0*f& 

[0096] ftSW^: E D F A cDti^tt£: 

^119^ 1 5 5 0 nmftffl:fcVT, 4 0cD}t 

s^ltvSo ctoH^e>a<B^ns«tc, edfa«, 

1 5 3 5 nmajZHCfU#Otf— ***L, liWWpttttT 
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540-1 560n mftifiO^S^f^Mf LTf»J 
[0 0 9 7] LfrU COifcWIWc;6t>Tfc* ft;7y 

t}^y-^—^cLXtiit}^y-^m±-t^t (Hi 9 

^^77T1i, T«<0^57tCffiS) s 1 5 6 0 nmi 
[0 0 9 8] ytMMis XfAT* ^t7T-(/%<0&t£if 

eft ttJ*^<y— cD*U»o«ft«#tt««» 

[0099] mi <ofsmiz. mcytyy^/^mmmicjo 
46, ise*o» i o*ffiw4, H2oco«tc, jtifj^j*- 
[oioo] m,z(Dmmte, yty r ^ ^mm^mm^ 

^^O^tcia^-rS 1540nm-1560 

[0 10 1] tt±<DB3jH^*»i*-rsfca&. Wa?Lfc* 
50 H2 Ofc:^L^«|«te**J*JttBr««ai»ATTkL 
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[0102] *%wK»a[9«eagttii»c3>«T«<i£: 

tCcfcoT. iftfttt#tt*=lr^>-fe;VTSfe*(03tt7-r;l/ 
[0 1 0 3] SI#©3pJjSfcov^T, ^&tcff«itu8ffiWT 

3PJ# « -5g »J WT S ft: 46 , ftiEJfc/ W - *± § j2S 
[0 10 4] LfrU ^BlCiS^cLTajS 

fi^c Settle & 9. tt:7r^*«»Ofi»S« 
03pJ»*Jl*T 3 o HnEJifi/^V -©±H**Vhs i ^ k , 

6fc**<a*o ^ot, 

[0 10 5] C<0«a*#ft»*te#te**TS 
tl£o lot, Ctf>*&. 7 7 7T-f^«^ 

SJ*PTSKI!j«Sfi^aftS»'&WfeSo cnte, 
ST&o 

[0 10 6]B2 2tt, *»wtc«t)«3ienr^ws«o 

7— *— ^c«0<fca(cSiJSUT*#So 02 2te^T#|J5lc 
Weti, 13 3 0(c^T7 , 6^MS#§3b^ffl^nTi/>^ o 

fi^ffl^«^tt*ffi«TSfea6tc:, (ruti 

1 :-K{k^*>T i 02 ) **fire*oajBSf**T 



(13) W9-2 3 6 7 8 4 

£ c Affl^fc^T^^^KttTtcSrae-ASrKSTS 

Sfc* H2 2W 8tt^*fBWtTSfc«). 

[0107] ^2 2<Dyffimtt&ivtt. mzmmm 

i ook. 1/yXi 0 2 k, Wi/c2o 

Wtlf-AO-^fcilTT/'*-^ 10 4k, 7><— 
tl04 *^*T*»fcS 1 0 6 

WISH) SliBLfe^^tt, 1 0 OtCcfc 

3tif-Ao-a*»itTSo ^«i*nfe)tif-A 

fcfc, 0 2Rtf7/*-*-V 1 0 4*ttLTSft» 

1 0 6l£XJ]t£ti2>o 
20 [0 10 8] yttff^ 1 0 OO^Klttt. 77^6 b 

SS^n^o iMSJttt, 1 0 : 1-2 0 : lg 

glcK^TfrSe H 2 2 <03ttRl«jg»»"ett, ft#7^ 
tr—A^U^X 1 0 2M7^ft 1 0 
4^LTS3t»l 0 6tcA^£n3 o j!)B8ff-/lK 

50 tf4C§o for, ^tif—AO— SP«3t7r-f^6 btc 

[0 10 9] HQftSsb^OV^. b(D3 
T04»*fcJtvf— A*^-&^nSo Mg^iC^^/c 

T^^c ^oT, §7t§i 1 0 6t0tuffit<:. 1 
[0 1 10] &tC, H2 2<D3tPiaJW««^^aPtcHCJ 

&n^»j»isiKoi6ff fcoi/>TWWTSo ^ftm 1 0 6 
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t^o 7 7 57*— @<EftttWta«*fc:WLTJtffil'r« 
^ 7 7 7f-|fl]gft0c o s 2 tCttWr 

[0 111] f£Mt£fcB[eJ£& 1 l 0fr6WrtSftfc«Sg« 
#"CfcJ\ ffifflMflllelKl 1 6£«fcDW^H&©^&£) 

^*{tLU>*>^3fc«sfe-r*3Ekn*i«**o for, ffi 

s»o«ifta«Ftt^iBfi«nso ikkjsssi i 8«, n-r 
;i/*i8»-rs/£«)o«^jsi|g|pigs-e»s 0 

[0112] ±iSLftlWIP*«««i:i:tJ:oT, 80 

So 

[0 1 l 3] 02 3 tt, 0 2 2 fc:^3Cpr*JjBE»o* 

[0 1 14] ^W^S^f*. A^fflJtcffl^ffliJ^IBI 
10 0a £§7t§§ 106a £*>*Rtt&n 
TV£ 0 A*fltt/<!7-©-tf 1X10-1/ 
2 0) sV^ttSn, 0 6 aTC-#ShS, A 

nri/^sjts^Mis-rsfca&o^^— ^-v 104^ 
[o i 1 5] mz 3ojtRi*M»«T», A^MRtfm 

#ffl!lO§JfcS 106a, 10 6b "egJttLfcfll^tt, 
i»108a, 10 8 b7?a«I«:U^;l/$-etii|BSn. 
W»slBl 2 OlcA^lSttSo C^MfflalESl 2 0T* 

^M^aiHissi i otcA^^n^o ^-n^no 

^Ftc, «*Stc*fjS-rSHS«£EfeKS«miHlBl l 0 
fc:A*j2*i&o ^M^tBlHlSSi l 0ttMflnKiM#«% 



2<5 



[0 116] *5IWtci«t>S3tRl^«SES^6 

[0117] B2 4«, *awfc:«tes}ttnrsigai«o 

(B) te, a^fpJtcM/cS, (C) tt, b^fRl 

[0 118] 02 4tC^-r^r^7 ? -[Hlfe^ N 777 
f-if 13 0^ 3-^1 3 4Mn^f;W 3 6^S 
20 fS«8ffi 1 3 2 fc, 77c^«5 1 3 8 tT*mi£2tlZ> 0 
tISl 32(03-^ l 3 4 t*MEl 3 814, 

yy**rr*u>d0RR (mar. jbb»b) *j*lti^ 

So 777f^i?13 0ii, 3-^13 4^7^ 
0*lCK«-5ftT</>5 0 tlHl 3 2(4, 7 7 7T-1 
? 1 3 0 fc, A 1 4 0 ^SH:O7arp]tC^^^rfflA0 

U *#JBE1 3 814, 7 7 7f-if 1 3 0tc, Jfclf 

[o i 1 9] mz 4 co (o -ca, #tc ?mmmm 

tfBfol 4 2fciRlfl^nTV^« : F*^LTl/^o CCD 

30 mvte, nwG i 3 2 £D^> ^ 7<Dijfat>\ m» 1 4 2 

Kfti 4 2©lS$<Di$ff4'M^ffiB'r«<ii:^* 

So 

[0120] Su^Lrcj;^^, mk±.<omsa\z^K>^ 

-A 1 4 O^fflJfcTfflSltC^tl^tiy 

[0 1 2 1] 02 4<D (B) Ttt, *^V«5l 3 8 tfJH 
ffiB<D&ttttL, ft\£—JU 1 4 0^?>j5:^SBHT\ 

7 77f-If 1 3 otc^tisastri^teififtHBSn 

50 TV^So 77<MSl3 803-^(7)ft(4ffl<^o 
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9 tC^-T ^*^pJ^MSfl^i:t^T, 3 8 

OM^mmmcyr^T-m^i 3 0fc:Biftn*S*o 

*«5^©K»fcffiWT*3 0 eft 

[0 12 2] 12 4<D (A) t^t^^C S 

ffi&l 3 1 3 4t±, ^^yjCifiV^^fc:* 

SH^ttte 1 4 4^tt^o 0 2 9lC^f 

*S*rS^S^feSo 02 4&C^<fc5lcSfi£5<D3—^ 

^n^ 0 tot, )tRr«w«iB<o?Ba«**ffiKT»# 

gi*S:<. 02 4 (A) tC^-r<fc«5^3— ^*lCgP#W 

tc*aai«ttf**H:tj § c t * o r %>%:<D%m±m a 

ft£ Q 

[0 12 3] LfrU ¥WMMM*H\ mM«?ttse 

or, «»<D*mai*To»jwijBiuv\ 

^-TSfcafrfcl, 0 2 5fc^««#**&ftS 0 02 5 

[0 12 4] fHK5<Z>3 — ^fHcgP#«J 

ttftl 4 4 a~l 4 4 er^t^ntt^o 

[0125] *$micmt>&yffimssgi2s<Dm7 
comwic-D^Tmwrzo v x * ^RiWBSfisa**!!^ 
bfcjfcnr^«gffi"ett. 0 3 0 co8e*<D^Ri^s^gg-e 

WBtftiifc, «*ft«tt«5»f»* (PDD tf« 
[0 1 2 6] 0 2 6 It, *?80§£ffifc«KW£XSffi0 

»7ojHa*Kwr«fc»o*j«ffin»*«o (a) 

±ffi0. (B) IHTfe^o 02 7(4. *5g0J3tC 

rxs^s^^-^tit^^o (a) «\ ^ 



25 



70 



20 



50 



40 



JO 



[0 12 7] 0 2 6fc^-rjtRrS«SE»«i. B3 Ofcg* 
^WfflSRSfcJt^T* 7 7 77-1? 1 5 0<DMK 
£^Sfc&<3/W7X«#M 5 4#7S2ftT^ 

ic^r^-r— i 5 0tc£nftD2ft£ o 

5 4taSt8ft46©BEl 5 2(4, 02 6cD (B) O 
^tc^ftT&D, (A) T*&*Bg£ftT^£o 

a, 03 otc^-rjfeRrs«ss^ racist), mw8ti& 

[0 1 2 8] 0 2 6 ^^MStf^te, fttf-A&tt 

)tRtfa«3t«, 777f-i?15 0^Vt;W7 
XIW 1 5 4 ft 5 0 C^K7XKW 1 5 4 

ii, ^1 5 6RtfSHrft 1 5 8T«?WW (B 

02 70 (A) £fc^;*ftT^3 0 fet, « 

1 5 4#0lAD2ft£o 
[0 12 9] CtUcfcfLT, 02 7<D (B) £^-£5 

LTnnmcmmcmnzri&o ccd*§^ n myti 5 6 

[0 13 0] fct, 02 6^02 7 (A) tC^T &o 

[0 13 1] tX±> ^MOjHi««cj:t)IBWUfcft\ 
*»W«CftSO||]MWc|8^*ftSt>OT?fiS:<, * 

[0 13 2] 

fxtM^tt^o IS*Sl7!/S3 0d^i/^-fft^l^ 
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[0 13 3] c^oii^ yy^T-mnntfXZ^t, 
i\> for, cco*g\ yr^-muncomtKn^ 

*«iaio*flai*fi«-e«? *o 

WrfcWcWtoStiT^So for, *«Rr*Wll»7? 
tt. jWWe, *«IOH^»T*WllW8ltti*<fto 

• ia««ff tt*®«-r * c fc e, t? * s o 

[o i 3 5] mc, m^m5mm<oymmmm^TH^ 

^ 7 nm 1 0 CO 5 1 ^lE«05fcRlg«SS 

*04 ? -v*y^»t>teBIMa<J»XT*So fct, 3-* 

»ancan« eta 

[0 1 3 6] «f£, KI*H8lBilO)tWa»*»t*«±, 

n -y ;i/*^««)ifi*ji6a©ia« t »» e> nt t > & c t tc * 

3-^O;l/-7 P <RiJ(Di^^^fg<T#^c0-t:\ » 

coi3 7] $ft, M*a9xtt i Qtm<v?mm$M 

[0 l 3 8] M&m l lXlii 2lBtt^)%4HRKB. R 

tf»jjc«i 3EK©)tRraEi*a!»fc:fco^T«, mt^<o 



if? 



for, fUff^ft:ffl07 I 6^-<;l/^^fflL^^ 

[0 13 9] 4 7^1 6Cr>9^t^-fn^ l^fe 

[0 14 0] MkRfll 7lB«Oft^«gSfc:fc^T 
[0 14 1] Bft&Sl 8X»1 9iEttO«RjSS*»«te 

^ 0 »*B2 oEwojtRrawsiafcfev^Ttt, 3—^ 
[0142] it^2 1 w&vytnmifcfflc'&^T 

[0 i ] *aw*c«bS3tpra£M»«o««flflo 

40 [02] fflJ^F (P) > 7 7 (FR) , tt» 

=3r (A) CDEfi^Jo (A) OgfBS^^b, fi^? 



(B) (4, 4 5SBSB£*ftU «3tt?©(B1£&lfti:«« 

[03] 0jSiBS<0^l'&O7r^T f — IsBEftlcW'r** 

[04] 4 5SiaS0^07r^r f -leIKft^^r§ 
50 MSfl^tf-SSS^o 
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115] 9 0mmW<DWi&<Dyy^ J r*--m&ftlC%i'?2> 

[17] myt¥twt¥<omyttfa(Dft&&&o&<Dm 
&co. mmicftir §sm (a) a. 

e«owaio«fb, (B) ii. «ffiK<o« 
^Il£><IMo 

[108] (WWfctjbtt^OfflJWlRlOAftieAM 5jgO 

ttftfcwrsaraiwtto (a) (4, foment- w 

[09] «)Wfc^?0»te&lflIOft*«««7 OSEO 

»ti:Mtsi»mi. (a) isfitc^t-r 
att*©««<Dg{fc, (b) a. ift*fc»-r*ffi«o 

[0 1 0] fl)lfi? fctfc^Ofl^ia^ftSStf 8 OJg 

com&v. jsfifc»-rsj««Ftto (a) ksic« 
-rsffiiK<osc««o^fb. (b) a, sgicstrsffiit 

olilolio 20 
CHI l] ffl^kttJtt^offll^lRloftKStfQ Oft 
»fifc»-rsij»Wtto (A) tt, 

"rsffiSceojja^Meo^fk. (b) ifts^^-rstts 

[01 3] *»Wt<:^fcSJtBl^«S8gc0S2OJSa* 

[0 1 4] 0 1 3 t^-rwRiasijaatDaHfflio 
[0 1 5] 0 1 4 jc^-r3tpr*a»»o*igff!io 
[01 6] *»wfc«t>*jtBiaji(aa<o««iii»<o* 50 

[017] 01 6k:^Lfc3ttRrajMai»toBBt*iaBo* 
m«o (a) (4. ±*>6afcKffiH. (b) «^e> 

[018] *mn<D%^mm^<n*<Dm<om$Lmo 

[019] #®#J& E D F A c0ti^I#14 o 

[020] Mtmim»i&snft)efia»ioi 

[02 1] )t7r>f/^iWi«0»ft«#tt**-W-fe;l/ 

[022] *5WB»i:«to*«pra«««o* 5 <Dmm?t 

[023] 02 2 lC^+JfcPlg«*«£>S?M0Uo 

[02 4] *fg^*c:«t>«^niaj«S»a)S6^sa«: 
K8B-r*fc«)©«lj««lo (A) ^M0, (B) 14, 
±ffiH, (C) 14, IES0o 

[025] *5iKic«t>s3tPiawsffltcfieffl-rs«a 

[02 6] *SSW»C«t>*)tRlft»SE»0»7 0J»a* 
TO"rSfc«XO*ril«o (A) ±ffiBk (B) 14, 50 



32 

«ffi0o 

[027] *«wfc:«to*3eRrs«*»©*7ojBa* 
[028] fmtt*tz»&&9Mmfiav$'XTj*m& 

0o 

[029] ni^MMmom 1 <d«*«0o 

[030] 2 <D«dcffOo 

[03 1] SSH^777r-0gfti:« o 



1 

2 
3 
4 
5 



6 a, 6 b 5^7 

7 a, 7 b U>X 
8a, 8b SBSf 

9 7 7 7T U @fe? 

1 0 aye? 

2 0, 2 2 «M^3BS (777f 

3 0 Efc^frf 

40,42 ^aare 

5 0, 5 5. 6 0. 8 0 



52, 57, 62, 82 



8 4 



5 4, 5 9, 6 4, 

6 6 

7 0 7*^5 

8 6- 1 , 8 6-2 
100, 100a, 100b 

10 6a, 106b 
10 8a, 108b 



1 0 2 

1 0 4 

1 0 6 

1 0 8 

1 1 0 



41 



1 1 2 

1 1 4 

1 1 6 

1 1 8 

1 2 0 

1 30 

1 3 2 

1 3 4 

1 3 6 

1 3 8 

1 4 0 

1 4 2 

1 5 0 

1 5 2 

1 5 4 

1 5 6 



-17- 



33 

i s 8 mux 

[0 1] 

40 



10 




FR^ 20 A/ 



30 



50 
52 



(18) 



1#BB¥ 9-236784 



34 



[0 2] 



(A) 0 SSI 

C P . AAt^Ffx) 



(B) 4 5 Kit 



<C> 9 0, 

< P , A #1255 J 



FR 



riv.;.-: 

ESS 



2/L 




I — I 



[133] 



CO 



CO 

C 
S 



40 

35 
30 
25 
20 



5 
0 



= 1 


j — i > i — 


1 




Insa 
fctax. 


rtfcm Loss a i dB> 
Att«nuatlons3S dB 


[_in 




i 
{ 




j — / \., : 


■ 






1/ \= 


> 










TTTT 








: 


- 





















[04] 

4 5BEKKC0^C0-7 z9^-0:e^lC«T€aSt»«)tfJ»S* 



c 
0) 

< 



40 

35 
30 
25 
20 
15 
10 
5 
0 



;-i — 


1 ' ' ' 


.... 


1 " ' 




•A 

mil 


: I 


insertion Loss- 1 dB 
Max. Attanuatlon.35 dB 
















n 


: 














1 








* 














till Ill 


h- t — i — T~ 




— i — ■ i 


Uy«T. , 


- 



20 40 60 80 

Control Angle <deg) 



100 



-40 -20 0 20 

Control Anglo (deg) 



40 



[05] 



CQ 



o 

"5 

C 
CD 



40 
35 
30 
25 
20 
15 
10 
5 
0 



« 








' ' ' ; 

« 


1 Insertion Lassa f dB 
\ Max, Altom«Uora>35 dB 




j 




i 








: V 


















i 


i \, 










- 

: 










'— i — i—i 




— i — i i 




- 

Hi,.' 



20 40 60 80 

Control Angle (deg) 



100 



[06] 

-7 t ^^-(■^©XilAiiDSjsWftHflSH 



i 




-18- 



(19) 



«fWPF9-2 3 6 7 8 4 



[El 7] 



[SI 8] 



tB9] 



c 

o 

E 
o 
ca 
c 

< 

CD 
o» 
O 




(OP) 00RB1A30 



It! 

1 



ca 




to 

E 
« 

s 

< 
a 



- - o 
* - <o 
1 «o 







p 

m 




: ft 




< 

* w 

M 
H 




jfii 


: 






'■ /. 11 


I , . . * " 



. to 



in 



E 
S 

c 
> 



(flp) UOR8IAOC 



If 



e 

s 

3? 



CO 




tn o w> o u» o «o 
n « oi e* -r- y- 

(SP) uoprmmiv 





(BP) uoi}Bnua}W 



(BP) oopenuawv 



m i 2] 



CHI 3] 




10 42 



1-0 
313* 100% 



FR BCrA -90° 



0 % 



£ «3ttEDair+9O o 0t£ 



FR HM0 0 



5 



a — * FR 



•"•V 

^2 



N S 

re 



66 PM 



60 



62 



err 



— 1 9 — 



(20) 



#[ffPF9-2 3 6 7 8 4 



[ilO] 



E 

to 

CD 

c 

s 

< 




£ 

CD 
C 



I 



(BP) u°IWaa 



9 



m 




i 

m 



m 



CH 1 8] 



-r 



(BP) "OfWA^O 



S 

rn 
c 
□ 



:fl 

rl- 

- 

- 








TTTT 




TTTT 




IT 
























— 


















■ 

.■ 

- 


















in. 


ititi 











o 
to 



O 

Ti- 
to 



•7 



£ 

I 
> 

(9 

3 



-U 

w 

6 

i 

f 
8 



in 



a 
r> 



m 

CM 



© m 

CM t~ 



O « O *- 



c 
e 

E 
• 

CP 

c 

s 

<t 

o 

o 



:l 



i« 



vn 



to 
VI 
W 



£ 

3 I 

T M 



a 



IO 

« 



> 
•a 



M 

i 

i 

5 



LO o «o o 

« N T" T- 



«o 

O T- 



(gp) uopemwiiv 



[03 0] 



[0 14] 

mi 3 «:^r^a?«^s©2E55M 



9*m ioo% 



[01 5] 

m 1 4 rc^T*^3e«&s<D3reflf 



^~ — 10 

^ iE*Pio*aai*ir+45 0 Eis 



i«+l/2 



FR 0fi*O° 

— *• — , 



♦ 

5 P 



i—P FR 




10 



N S 



22 



66pm 




30 




il GO 
62 




(21) 



ffl¥9-2 3 6 7 8 4 



[0 1 6] 




< PR .... 

(|1i)ii*niii//.muir r 



20 



lit \V,VJ*.V I V.V 

" ij :: t 



im i 9] 

ftSUftft: E D F AflQlffS^^ 



6 

ID 

T3 



m 

•s 




a. 

E 

a. 

■6 



1525 



1550 

Wavelength (nm) 



1575 



im2 5] 




130 



[0 1 7] 
(A) ttJLfr6Hfc»rffiH, CB) 




A* 



-a2 



[02 1] 

Jt7r^ /<*i*sw)azMtfm** feat* 



40 



c 25 
o 

'« 20 
S 15 
< 10 
5 
0 



"i irr 


till 


l l 1 1 


1 1 1 1 1 1 l 1 \ 1 1 

Max. ATT=35 


1 1 1 1. 

dB : 


Illll 












- 


— 




















* 


5 






















- 

: 




















1 




5 « »'i 




i ■ i i 


.ULL 


1 t t 1 i 


i • ■ ■ « ~ 



1530 1535 1540 1545 1550 1555 1560 
Wavelength (nm) 



-21- 



(22) 



^¥9-2 3 6 7 8 4 



[0 2 0] 

o 



< 


EOF 


II. 




a 




UJ 




1 




o 


S £ a 




• I g 




— 




[02 4] 

« ... 

134 




138 



(A) 



136 



140 

pi 










1 




138 



(B) 



134 




Sff 142' 



(C) 



[0 2 7] 




(A) 



154 /V7Xi» 
156 




154 /<*f 7>UB» 
156 



[02 9] 




CB) 



— 22 — 



(23) 



9-2 3 6 7 8 4 



[0 2 2] 



ftATT 



6 a 



8 a 

Q 

7 a 



r" 




^77 




7 b 



106 S5t» 



IttfflS -108 







EES 


— < 



118 



116 



110 



^114 



mmmm 



112 



[13 1] 




-23- 



(24) 



WHAT 9-236784 



[0 2 3] 

m 2 2 <c^"T5t plgiSSSIOSMW 



*ATT 








581* 

088 







108 a 



— 118 



^ 116 



no 



mm 



^114 



112 



X 



120 



-24- 



(25) 



IM2 6] 



r 



152 




8 a 
L 




150 



8 b 
I 




t54 

152- 




i r 

(A) ±m® 



7 a 






— - — 




r 




7~ 



154 /MTX^Ift 
(B) fcJ®I3 



-25- 



(26) 



WHJ¥9-2 3 6 7 8 4 



[0 2 8] 



°st A , 

— — x 1 



0S2 A, 
T 



OSn A 

7 



/l -MUX 



Optical frequency 
control lor 



Optical frequency 
standard 



J-DEMUX 



a 



OPTICAL 
FIBER 




Optical 
Aaplif ier 



Tunable optical 
receiver 



(51) Int. CI. 6 

H0 4B 10/06 



iss'jfE^ /f rtsas^- f i 



-26- 



